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FOREWORD

Section 304(a) (1) of the Clean Water Act of 1977 (P.L. 95-217) requires
t he Admi nistrator of the Environnental Protection Agency to publish water
quality criteria that accurately reflect the latest scientific know edge on
the kind and extent of all identifiable effects on health and wel fare which
m ght be expected fromthe presence of pollutants in any body of water,
i ncluding ground water. This document is a revision of proposed criteria
based upon consideration of coments received from EPA staff and i ndependent
peer reviewers. Criteria contained in this docunment replace any previously
publ i shed EPA aquatic life criteria for the sane pollutant(s).

The term"water quality criteria” is used in tw sections of the dean
Water Act, section 304(a)(1l) and section 303(c)(2). The termhas a different

program i npact in each section. In section 304, the termrepresents a non-
regul atory, scientific assessnment of ecological effects. Criteria presented
in this docunent are such scientific assessnents. |If water quality criteria

associ ated with specific streamuses are adopted by a state as water quality
st andards under section 303, they becone enforceabl e maxi num accept abl e
pol | utant concentrations in anbient waters within«that state. Water quality
criteria adopted in state water quality standards coul d have the sane
nunerical values as criteria devel oped under section 304.. However, .in nany
situations states night want to adjust water /quality criteria devel oped under
section 304 to reflect |ocal environmental conditions and hunan exposure
patterns. Alternatively, states may use different data and assunptions than
EPA in deriving nuneric criteria that are scientifically defensible and
protective of designated uses. It is not until their adoption as part of
state water quality standards that criteria beconme regulatory. Guidelines to
assist the states and Indian tribes in nodifying the criteria presented in
this docunment are contained in the Water Quality Standards Handbook (U.S. EPA
1994). Thi s handbook and additi onal® gui dance on the devel opnent of water

qual ity standards and other water-rel ated progranms of this agency have been
devel oped by the O fice of Water

This final docunent is _guidance only. It does not establish or affect
legal rights or obligations. It does not establish a binding normand cannot
be finally determ native of the issues addressed. Agency decisions in any
particular situation will be rmade by applying the Cean Water Act and EPA
regul ations on the basis of specific facts presented and scientific
i nformation then avail able.

Geoffrey H G ubbs
Di rect or
O fice of Science and Technol ogy
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| ntroduction

Di azi non [ Chemical Abstract Service registry nunber 333-41-5; 0, 0-di et hyl
0- (6-methyl -2-{1-nmet hyl ethyl }-4-pirimdinyl) phosphorothioate is a broad
spectruminsecticide effective against adult and juvenile forns of flying
insects, crawing insects, acarians and spiders (WHO 1998). Specific uses
i nclude the control of soil insects such as cutworns, w reworns, and maggots
(Farm Chemi cal s Handbook 2000) and ectoparasites on sheep (Virtue and C ayton
1997). It is also effective against nmany pests of fruits, vegetables,
tobacco, forage, field crops, range, pasture, grasslands and ornanentals.
Diazinon is routinely applied to the Central, Inperial and San Joaquin Valley
agricultural areas of California (Bailey et al. 2000; Domagal ski et<al. 1997).
It is used extensively around households to control cockroaches; and ot her
i nsects such as flies (Farm Cheni cal s Handbook 2000) and' ectoparasites on pets
(Bailey et al. 2000). Additional diazinon uses in urban-areas include dornant
sprays on fruit trees, professional |andscape and mai.ntenance, and structura
pest control (Bailey et al. 2000)

Di azi non i s an organo- phosphorus conpound-with the enpirical fornula of
C,H, NO,PS, a nol ecul ar wei ght of 304.35 and has an octanol /water partition
coefficient (log P,) of 3.40 (Hunter et-al. 1985; WHO 1998). It is a
colorless oil inits purest formw.th a density greater<than water (1.116-
1.118 g/nL at 20°C) and is soluble in water at 20°C to 0.006 percent (40 ng/L,
Farm Cheni cal s Handbook 2000;< 40.5 ng/L, Kanazawa 1983b; 60 ng/L, WHO 1998).
The technical product is a‘pale to dark brown |I'iquid of at |east 90 percent
purity and'has a faint ester-like odor. It deconposes above 120°C
(Verschueren 1983, WHO 1998), is susceptible to oxidation above 100°C, is
stable in neutral nedia, but slowly hydrolyses in al kaline nedia and nore
rapidly in acidic nmedia (WHO 1998). |If stored properly, diazinon has a shelf-
life of -at | east three years (SOLARI S Consuner Affairs for Ortho products,
P. O.<Box 5008, San Rampbs, CA 94583, 1998).

Commerci al foramul ati ons of diazinon contain the inmpurity sulfotepp
(0,0,0,0-tetraethyl dithiopyrophosphate), which has been found at |evels
rangi ng from0.20 to 0.71 percent of the diazinon concentrations (Mier et al
1979). Meier et al. (1979) conpared the toxicity of sulfotepp and diazinon to
four species of freshwater organisns and found sulfotepp 58 tines nore toxic
to fathead mi nnows (Pinephales pronelas), 75 tinmes nore toxic to bluegill
(Lepom s nmacrochirus) and rai nbow trout (Oncorhynchus nykiss), and 8.7 tines
nmore toxic to a cladoceran (Daphnia magna). The authors specul ated that sone
of the toxicity attributed to diazinon is likely due to sulfotepp. Sulfotepp
is nmore stable than diazinon and therefore should persist longer in the
environnent. |t should be noted that sulfotepp is also used alone as a
pestici de, marketed under the trade nanes ASP-47 and Bl adaf un by the Bayer
Corporation for fum gation control in greenhouse crops and rmushroons



(Agrochen cal s Handbook 1991).

Al t hough di azi non has been detected in freshwater (Bailey et al. 2000;
Domagal ski et al. 1997; Land and Brown 1996; Lowden et al. 1969; MConnell et
al. 1998; Ritter et al. 1974), Goodnan et al. (1979) reported that at the tine
of their paper diazinon had not been detected in the marine environnent.
However, they stated that the "potential exists for contam nation of estuarine
areas via agricultural and urban runoff." Organophosphorus pesti cides,

i ncludi ng diazinon, were found in alnbst all sanples of seawater, but not in

net plankton fromthe harbor of Osaka City, Japan (Kawai et al. 1984). Kawai
et al. (1984) reported diazinon was applied fromJune to August to rice paddy
fields resulting in concentrations in the Gsaka City harbor reaching greater

than 0.1 :g/L.

Di azi non has been detected in point source (wastewater’ treatnent plant
ef fluents) and non-point source (stormwater) di.scharges'in recent years,
partially due to inproved detection procedures (Villarosa et al. 1994). U S
EPA' s National Effluent Toxicity Assessnent Center investigated the occurrence
of diazinon in 28 different publicly owned treatnment works (POTW effluents
| ocated across the country in 1988 and found detectable |levels in sanples from
17 of the 28 facilities, primarily those facilities |ocated.in southern states
(Norberg-King et al. 1989). The authors concl uded that the diazinon |evels
found in several effluents were sufficiently high enough to be a contributing
factor to the toxicity observed to Ceriodaphni a dubia. The acute and chronic
C. dubia toxicity observed in other POTWfinal effluents has also been
attributed, in part to diazinon (Arato et al. 1992; Bailey et al. 1997
Bur khard and Jensen 1993; Quinn et/ al. 1995). This pass through diazinon
toxicity present in a POTWs final effluent could potentially cause an adverse
i mpact on the receiving water comunity. However, Ku et al. (1998a) achieved
nearly conplete deconposition of diazinon within one hour in deionized water
wi th ozone treatment under. controlled |aboratory conditions at a constant pH
and tenperature.

Di azi non has al so been detected in stormwater runoff in urban and
agricultural areas (Bailey et al. 1997, 2000; Domagal ski et al. 1997; Kratzer
1999; McConnel | et al. 1998; NCTOC 1993; Waller et al. 1995). Donmgal ski et
al . (1997) observed that in the western valley streans of the San Joaquin
Ri ver, California, diazinon concentrations peaked within hours of the
rainfall’s end, and then decreased thereafter. Diazinon was also detected in
air sanples over the Mssissippi River fromNew Oleans to St. Paul, nopst
closely related to use on cropland within 40 kmof the river (Myjewski et al
1998). Rainfall runoff of pesticides, such as diazinon with a water
solubility exceeding 10 ng/L, can cause toxic additions of 1-2 percent to
freshwat er ecosystens (Wauchope 1978), and field runoff concentrations of
di azi non have been neasured up to 82 :g/L (Ritter et al. 1974). The
wi despread occurrence and concern of diazinon in stormwater has been



addressed by issuance of stormwater permits for large nunicipalities.

The nobility of diazinon in the soil is influenced by the organic nmatter
(OM and cal ci um carbonate content of the soil (WHO 1998). Arienzo et al
(1994a,b) found that diazinon is slightly nobile in soils with a | ow or nedi um
(<2 percent) OMcontent and immobile in those with high OMcontent (>2
percent). The sorption of diazinon was enhanced when a sandy | oam soil was
nodi fied with different exogenous organic materials containing humc-1ike
substances relative to the unnodified sandy | oam soil (1glesias-Jinenez et al
1997). Martinez-Toledo et al. (1993) found that the presence of 10 to 300
:g/g of diazinon in soil increased the total nunber of bacteria and the
popul ation of denitrifying bacteria. However, aerobic denitrogen fixing
bacteria and dinitrogen fixation decreased initially (3 days) at diazi non
concentrations of 100 to 300 :g/g before recovering to control levels.
Nitrifying bacteria and fungal soil popul ati ons were not< affected at the 10 to
300 :-g/g soil exposure |evels.

The fate of diazinon in the aquatic environnent is thought to be regul ated
by two mai n processes - chenical hydrolysis and mcrobial degradation. Both
processes are influenced by the conditions of pH tenperature and the organic
content of the water. Diazinon is stable at pH 7.0 and can persist in the
environnent for as long as six nmonths. ~Diazinon i s an exception to other
or ganophosphorus insecticides in that it hydrol yzes at both acidic and
al kaline pHs (Gomaa et al. 1969). In the |aboratory at 20°C, the half-life
was determined to be 12, 4436 and 146 _hr at the respective pHs of 3.1, 7.4
and 10.4 (Faust and Gomma 1972). Ku et al. (1998b) found that hydrolytic
deconposi tion occurred only for the di azi non-H+ species present in acidic
sol utions, and that breakage of the P-O bond was the nmjor deconposition step
for the hydrol ysis of diazinon. Mrgan (1976) neasured di azinon half-1ife due
to hydrolysis in well water of pH 7.4 to 7.7 and 16°C at 43.3 days.

Hydrol ysi's of diazinon in laboratory water at 21°C and pH of 7.3 yielded a
hal f<life of 171 days (Mansour et al. 1999). The breakdown of diazinon in
soils of flooded rice fields occurs at simlar rates as in water and is
described in a review of the literature by Sethunathan (1973).

A third, | ess dom nant process influencing the fate of diazinon in aquatic
systens is photodegradation. Scheunert et al. (1993) found that when diazinon
solutions were irradiated with UV |ight of different wave |engths,
phot odegr adati on was i ncreased when using river or |ake water when conpared to
distilled water. Medina et al. (1999) conpared the half-life of diazinon in
filtered Linon River sanples under |ight and dark conditions and found a
shorter half-life for sunlight exposed samples (t,, = 31.13 days) when
conpared to sanples held in the dark (t,, = 37.19 days)

An inportant factor regulating the rate of mcrobial deconposition of
diazinon is adaptation of microbes to the chem cal. Sethunathan and MacRae
(1969), Sethunathan and Pathak (1972) and Forrest et al. (1981) found a marked



i ncrease in the degrading capacity of mcrobes when repeatedly exposed to
di azinon as conpared to a single application. Parkhurst et al. (1981)
nmeasured a degradation rate of 2 percent/day and a half-life of 39 days in
di azinon treated river water at summer tenperatures.

A primary node of toxic action of organophosphorus insecticides is
i nhibition of cholinesterases present in the nervous system The actua
t oxi cant may be the oxygenated honol og of diazinon - diazoxon. Margot and
Gysin (1957) have reported that the cholinesterase inhibiting activity of
di azoxon is about 4,000 tines greater than that of the parent diazinon
Di azoxon has been identified as a nmetabolite of diazinon in the liver

m crosomes of channel catfish, Ictalurus punctatus, and bluegill (Hogan and
Know es 1972). |Insect enzynes efficiently convert the P:S bond to.the P:O
bond thus producing the toxic oxygen honol og (Al bert 1981). . CruStacea very
likely have a simlar ability. Insects and crustacea probably differ from

vertebrates by having a | ess efficient de-esterificati on-process to.renove the
oxygen horol og fromtheir system neking them nore sensitive to diazinon

Di azi non, on prol onged storage, may became nore toxic due to
transformation products. An old diazinon fornulation was found to have no
di azi non, but sone sul fotepp and nonosul fotepp. The nonosul.fotepp was shown
to be 14,000 tines nore toxic than diazinon in one test of enzyme inhibition
(Singmaster 1990). The use of the old inproperly stored diazinon fornmulation
and acconpanying transformati on of diazinon to the nore toxic products
sul fot epp and nonot hi ono-tepp; was cited by Solimn et al. (1982) as the nost
probabl e cause of two acute hunan poi soni ng cases in Egypt. Allender and
Britt (1994) conducted a screening programthroughout Australia to determ ne
if a problemexisted with toxic |evels of breakdown products of diazinon
formulati ons. OF the 169 sanpl es eval uated, only eight contained the
breakdown products O S-TEPP and S, S-TEPP, which was directly correlated with
t he presence of water in the container

A conprehension of the "Guidelines for Deriving Nurmerical National Water
Quality Criteria for the Protection of Aquatic Organisns and Their Uses"
(Stephan et al. 1985), hereafter referred to as the Cuidelines, and the
response to-public comment (U. S. EPA 1985) is necessary to understand the
follow ng text, tables, and cal cul ations. Wenever adequately justified, a
national criterion nmay be replaced by a site-specific criterion (U S. EPA
1983a), which may include not only site-specific criterion concentrations
(U.S. EPA 1983b), but also site-specific durations of averagi ng periods and
site-specific frequencies of allowed excursions (U S. EPA 1991).

Results of internediate cal cul ati ons such as Speci es Mean Acute Val ues are
given to four significant figures to prevent round-off error in subsequent
calculations, not to reflect the precision of the value. The |atest
conprehensive literature search for information for this docunent was
conducted in Novenber, 1999; some of the nore recent information was included.



Data in the files of the U S. EPA's Ofice of Pesticide Prograns concerning
the effects of diazinon on aquatic organisnms and their uses have al so been
eval uated for possible use in the derivation of aquatic life criteria.

Acute Toxicity to Aguatic Animals

The acute toxicity of diazinon to freshwater ani mals has been determ ned
for 12 invertebrate species, 10 fish species and one anphibian (Table 1).
Acut e val ues ranged from0.20 :g/L for an anphi pod, Ganmarus fasci atus
(Johnson and Finley 1980; Mayer and Ell ersieck 1986), to 11,640 :g/L for
pl anari a, Dugesia tigrina (Phipps 1988). The npbst sensitive organi sns tested
were invertebrates in the Cass Crustacea. The anphi pod, G fasciatus, had
the | owest Genus Mean Acute Value (GVAV) of 0.2 :g/L. The cl adoceran,
Ceri odaphni a dubi a, had the second | owest GVAV whi ch was' conputed from 14
tests, ten of which were conducted by staff at' the U S. EPA-Dul uth | aboratory
(Norberg-King 1987; Ankley et al. 1991). Results fromthese 14 tests were
relatively consistent (acute values ranged from0.25 to 0.59 :g/L) considering
that different water sources were used and organi smage-at test initiation
ranged from<6 hr-old to 48 hr-old. Data were included in the table when the
organi sns recei ved food during the exposure, but these data were not used to
conpute a Speci es Mean Acute Value (SVMAV) for C. dubia.< Three other
cl adoceran speci es (Daphnia magna, D. pulex, and Si nobcephal us serrul atus) were
tested and found to be sinmilarly sensitive to diazinon as C. dubia w th EC50s
ranging fromO0.65 to 1.8 :g/L. Two species of anphipods were tested, and the
96- hr LC50s for the two anphi pod species differed by a factor of 33. ne
species, G fasciatus, was the nost sensitive organismtested wth diazinon
and had a 96-hr LC50 of 0.20 :g/L. Hyalella azteca was also sensitive to
di azi non, wi.th a 96-hr. LC50 value of 6.51 :g/L.

The l'east sensitive species tested with diazinon was also an invertebrate
The planarian, D. tigrina had the highest observed diazinon 96-hr LC50 of
11,640 zg/L. Oher/invertebrate species exhibiting relatively |ow sensitivity
to diazinon included the snail, Gllia altilis (96-hr LC50 of 11,000 :g/L),
the ol i gochaete worm Lunbriculus variegatus (96-hr LC50 val ues of 9,980 and
6,160 :g/L, or a SMAV of 7,841 :g/L) and the apple snail, Pomacea pal udosa
(96-hr LC50 val ues of 2,950 and 3,270 and 3,390 :g/L or a SMAV of 3,198 :g/L).

Freshwater fish species that were tested showed noderate sensitivity to
di azi non. SMAVs ranged from425.8 :g/L for the rainbow trout, Oncorhynchus
mykiss, to 9,000 :g/L for the goldfish, Carassius auratus (Table 1). The
cutthroat trout, Oncorhynchus clarki, was considerably |ess sensitive (2,166
:g/L) to diazinon than rainbow trout. Rainbow trout were evaluated in five
tests with results ranging from90 :g/L (Cope 1965b; C ba-Geigy 1976; Johnson
and Finley 1980; Mayer and Ell ersieck 1986) to 3,200 :g/L (Bathe et al
1975a). Certain species of warmvater fish, flagfish (Jordanella floridae),



fathead m nnow ( Pi nephal es pronel as), goldfish, and zebrafish (Brachydanio
rerio) are less sensitive to diazinon than the col dwater species, rainbow
trout, brook trout (Salvelinus fontinalis), and |ake trout (Salvelinus
namaycush). Two exceptions include the warnwater bluegill, which is nore
sensitive to diazinon than the coldwater fish species, and the col dwater
cutthroat trout, which is |l ess sensitive than the warmnater flagfish. Genus
Mean Acute Val ues for the four npst sensitive genera, all crustaceans,
differed by a factor of 7.9 (Table 3 and Figure 1). The Final Acute Value
(FAV) for freshwater organisns is 0.1925 :g/L.

The acute toxicity of diazinon to saltwater aninals has been determ ned
for seven invertebrate species and two fish species (Table 1). SMAVs ranged
from2.57 :-g/L for the copepod, Acartia tonsa (Khattat and Farley 1976), to
>9,600 :g/L for enbryos of the sea urchin, Arbacia punctuliata (Thursby and
Berry 1988), a factor of about 3,735. Acute values. for <the nysid,
Anericanysis bahia (formerly Mysidopsis bahia), froma renewal, unneasured
test (8.5 :g/L) and froma flowthrough neasured test<(4.82 :g/L) were
simlar. Toxicity tests with copepods, nysids, anphi pods ( Arpelisca abdita),
grass shrinp (Pal aenonetes pugi 0), pink shrinp (Penaeus duorarum and inland
silversides (Menidia beryllina) denonstrated an increase in.nortalities with
duration of exposure. The renunining fish species, the sheepshead m nnnow
(Cyprinodon variegatus), had an LC50 val ue of 1,400 pg diazinon/L, and is the
only saltwater fish with a correspondi ng.chronic value. Acute values for the
four nost sensitive genera, all invertebrates, differed by only a factor of
2.6 (Table 3 and Figure 2)+ The saltwater FAVis 1.637 :g/L.

Chronic Toxicity to Aguatic Ani mals

The chronic toxicity of diazinon was determ ned for five freshwater
species(Table 2). A life-cycle test was conducted with C. dubia during a
seven-day exposure (Norberg-King 1987). Diluted nmineral reconstituted water
was used to culture/and expose the organisms. Al organisns survived in the
control and the three | owest exposures (0.063, 0.109, and 0.220 :g/L), but no
or gani sns-survived at concentrations $0.520 :g/L. The chronic val ue
determ ned for C. dubia was 0.3382 :g/L. Division of the SMAV (0.3760 :g/L)
fromten 48-hr acute tests conducted in the sane | aboratory with the sane
dilution water (Norberg-King 1987; Ankley et al. 1991) by the chronic val ue
(0.3382 :g/L) results in an Acute-Chronic Ratio (ACR) of 1.112 for C. dubia.

Al lison and Hermanutz (1977) exposed brook trout adults to diazinon for
six to eight months and then exposed their progeny for an additional 122 days
and observed effects. After 173 days of exposure, survival was reduced at 9.6
:g/L and defornmities were seen at 4.8 :g/L. However, when these fish spawned
there were no differences in the nunber of eggs produced per fenale or the
viability of these eggs. Continued exposure of the progeny showed neasurable



effects at 30 days, but at 122 days post-hatch, all exposure concentrations
had significantly shorter total |engths and |ighter weights. The chronic
val ue was <0.8 :g/L which was the | owest exposure concentration for the
progeny. Division of the SMAV (723.0 :g/L) fromthree 96-hr acute tests
(Al'lison and Hermanutz 1977) by the chronic value (<0.8 :g/L) results in an
ACR of >903. 8.

Nor ber g- Ki ng (1989) exposed fathead nmi nnow enbryos and the resulting
larvae to diazinon for 32 days in an early-life stage test. At test
term nation, wet weight and survival of test fish exposed to only the highest
exposure concentration of 285 :g/L were significantly different fromthat of
the control fish. Total length was significantly affected at concentrations
$160 :g/L and dry weight was significantly reduced at 37.8 :g/L, but not at
16.5 :g/L. Based upon dry weight, the chronic value for the test was 24.97
:g/L. Division of the 96-hr LC50 (9,350 :g/L) from another group of
researchers (University of Wsconsin-Superior /A1988) at the same |aboratory
using the sanme water supply and the same genetic stock of fish by the chronic
val ue of 24.97 :g/L results in an ACR of 374.4.

Fat head m nnow enbryos (<24-hr old) and the resulting | arvae were exposed
to diazinon for a total of 32 days (Jarvinen and Tanner 1982). Results of the
early-life stage test were reduced survival at diazinon concentrations $290
g/ L, and reduced weight (10.1 percent reduction) at 90 :g/L, but no weight
difference fromthe control fishsat 50 :g/L. The chronic value for fathead
m nnows in the test was 67.08 :g/L based upon reduced weight. Division of the
96- hr acute value of 6,900/:g/L froma flowthrough and nmeasured toxi cant
concentration test (Jarvinen and Tanner 1982) by the chronic value of 67.08
:g/L results in an ACR of 102.9. The geonetric nean of 374.4 and 102.9 is
196. 3, which is the species nmean acute-chronic ratio for fathead m nnows.

Fl agfi sh-were exposed to diazi non through one and one-hal f generations
(Al'lison 1977). The study began with one-day-old | arvae and continued through
spawni ng, which occurred at about 60 days, then continued with the fish
priogeny for 35 days/post-hatch. An effect was seen with the parents at 61
days of exposure.. The average wet weight of the nales was significantly
reduced fromthat of the control fish at diazinon concentrations #88 :g/L.
Only two male fish were exposed per treatnent and there was a 23.3 percent
reduction in wet weight in the 88 :g/L exposure. However, weights of the four
female fish fromeach treatnment were not significantly reduced at any exposure
concentration even though fish in the highest exposure concentration was
reduced in average weight by 21.4 percent. Effects on the progeny were then
observed and the only effect seen at hatching was a reduction in the
incubation tine at all exposure concentrations. At 35 days post-hatch, or a
total exposure tinme of 96 days, significant reductions in average wet wei ght
were nmeasured at all exposure concentrations. Therefore, the flagfish chronic
val ue was <14 pg/L. Division of the SMAV for flagfish of 1,643 :g/L, which is



the geonetric nmean of results fromtwo tests conducted in the sanme water
supply and using fish fromthe sane culture as used in the chronic test
(Al'lison and Hermanutz 1977) by the chronic value of <14 :g/L, results in an
ACR of >117. 4.

Bresch (1991) evaluated the chronic toxicity of diazinon to zebrafish
(early life-stage test). Zebrafish eggs (approximtely 2-3 hr after spawni ng)
t hrough juveniles were exposed to diazinon concentration of 8 40 and 200 :g/L
for 42 days under flowthrough nmeasured conditions. Survival and growth of
the three treatnent groups were not statistically different (p<0.05) fromthe
controls. Thus, the zebrafish chronic value was >200 :g/L. An acute-chronic
rati o could not be estimated because a suitable acute test value is not
avail abl e.

The chronic toxicity of diazinon for saltwater organi sns. has been
determined in a life cycle test with the nysid, A bahia, and a partial life-
cycle test with the sheepshead minnow (Table 2). The nysid test (Nirmp et al
1981) was of 22 days duration, and the authors' original data was used to
recal culate the chronic linmts (Berry 1989). " There was no statistica
difference in survival observed between the highest concentration tested (4.4
zg/L) and the controls (although there was only 28 percent survival at the
hi ghest concentration). Msid reproduction was not significantly reduced in
di azi non concentrations #2.1 :g/L, .and only the 4.4 :g/L exposure
concentration exhibited significantly reduced reproducti on when conpared to
controls. Based on these observations; the chronic limts were 2.1 and 4.4
g/L, and the resultant chronic value for the nmysid was 3.040 :g/L. A
corresponding fl owthrough neasured acute value of 4.82 :g/L (NmpD et al
1981) yiel ded an ACR of 1.586.

Sheepshead mi nnow reproduction was significantly reduced in all diazinon
exposure concentrati ons observed during a partial life-cycle test (Goodman et
al. 1979). The nunber of eggs spawned per fenale in the 0.47, 0.98, 1.8, 3.5
and 6.5 :g diazinon/L average neasured concentrations were 69, 50, 50, 55 and
45 percent of control fish, respectively. Acetylcholinesterase activity in
fish exposed to 0:47 :-g/L was consistently |less than control fish levels, and
| evel s averaged 71 percent inhibition in the 6.5 :g/L exposure. Neither
survival nor growmh were affected in #6.5 :g/L exposures to diazinon. The
chroni ¢ value for sheepshead m nnow was <0.47 :g/L, and when coupled with the
96- hr acute value of 1,400 :g/L by the sanme author, the resultant ACR for this
fish was >2,979.

Chronic toxicity tests have been conducted on seven aquatic species and
chronic values ranged fromO0.34 :g/L for C dubia to >200 :g/L for rai nbow
trout and zebrafish (Table 2 and Figure 3). The chronic values for sheepshead
m nnows (<0.47 :g/L) and brook trout (<0.8 :g/L) cannot be determ ned
accurately because all concentrations tested adversely affected reproduction
Alternatively, an effect level on either survival or growth could not be



determ ned for zebrafish (>200 :g/L). Acute-chronic ratios for acutely
sensitive crustacean invertebrates were 1.586 for mysids and 1.112 for C
dubia. In contrast, ratios are nmarkedly higher for relatively acutely
insensitive fishes; >117.4 for flagfish, 102.9 and 374.4 for fathead m nnows,
>903.8 for brook trout and >2,979 for sheepshead m nnows.

Three valid acute-chronic ratios are avail able for diazinon using the
second and seventeenth (Table 3) npbst sensitive tested species of freshwater
animals and the third nmost sensitive saltwater animal. Two acute-chronic
rati os are available for the fathead m nnow, which differ by a factor of
approximately 3.6 times. The geonetric nmean of these two values is 196. 3.

The cl adoceran C. dubia has an acute-chronic ratio of 1.112 when using the
data provided by the U S. EPA Duluth | aboratory (Norberg-King 1987 and Ankl ey
et al. 1991), which was very simlar to the nysid acute-chronic-ratio of 1.586
(Nimo et al. 1981). An apparent pattern displ ayed by tthe data revi ewed shows
that a nunber of invertebrate species (especially crustacea) are acutely
sensitive to diazinon, but have a | ow (<2) acute-chronic ratio. In contrast,
nost fish species are generally acutely insensitive to diazinon, but have high
(>100) acute-chronic ratios. Another pattern_observed was that the chronic
fish studies conducted with reagent grade diazinon all had relatively high
chroni ¢ values (>200 pg/L), and those conducted with technical grade diazinon
all had | ower chronic values (>70 ug/L). Although there are a |imted nunber
of chronic fish studies presented, this apparent pattern woul d suggest that
other toxic inpurities may be present din the technical material

Al t hough the three vali'd acute-chronic ratios vary by nore than a factor
of ten (by'a factor of 177), the @uidelines (Stephen et al. 1985) specify that
if the<speci es nean acute-chronic ratio (SMACR) seens to increase or decrease
as the SMAV increases, the Final ‘Acute-Chronic Ratio (FACR) should be
cal cul ated as the geonetric nean of the ACRs for speci es whose SMAVs are cl ose
to the FAV. It does appear that ACR values are |ower for species acutely
sensitive to diazinon, and higher for acutely insensitive species (Table 2).
Therefore, only the/acutely sensitive C. dubia and A bahia were used to
cal cul ate the FACR of 1.328. The Quidelines also stipulate, if the nost
appr opriate SMACRs are |ess than 2.0, acclimtion has probably occurred during
the chronic test, and the FACR shoul d be assuned to be 2.0. Thus the FACR for
diazinon is 2.0. It appears fromavailable data (Fig. 3) that all tested
freshwat er species will be protected fromadverse effects due to diazinon by
the freshwater Chronic Value. Saltwater fish species nay not be protected by
the established saltwater Chronic Value, and the FCV for salt water species is
lowered to 0.40 pg/L to protect the sheepshead ni nnow.

Toxicity to Aguatic Plants

Acceptabl e data on the effects of diazinon to freshwater al gae are



avai |l abl e for one species (Table 4), but no acceptable data are avail able
concerning toxicity to freshwater vascular plants. Hughes (1988) exposed the
green al ga, Sel enastrum capricornutum for seven days in a static, measured
t oxi cant concentration test. An EC50 of 6,400 :g/L was determ ned based upon
reduced cell nunbers. No saltwater tests with plants are suitable, according
to the Guidelines, for inclusion in this section. Sonme freshwater and
saltwater information is included with "Qther Data."

Based upon a single aquatic plant test, the Final Plant Value for diazinon
is 6,400 :g/L.

Bi oaccunul ati on

Three freshwater species of fish, rainbow trout, carp{ Cyprinus carpi o)
and a guppy (Poecilia reticulata), were exposed.to diazisnon for 14 days and
t he whol e body tissue | oadi ngs determ ned (Seguchi and Asaka 1981; Kei zer et
al . 1993). Diazinon accunmulated rapidly in each study, and reached a plateau
approximately in three days. The bioconcentration factor (BCF) for rai nbow
trout and carp exposed to 15 :g diazinon/L was<62 and 120, respectively (Table
5). The half-life for diazinon in these fish was | ess than seven days. The
guppy was exposed to 350 :g diazinon/L for 14 days, which yiel ded a BCF val ue
of 188 (Keizer et al. 1993).

In a 108-day sal twater exposure, uptake of diazinon by the sheepshead
m nnow was rapi d, reaching steady state wi thin 4 days (Goodman, et al. 1979).
Whol e body (1l ess brain) bioconcentration factors for fish exposed to 1.8, 3.5
and 6.5 :-g/L were 147,147 and 213, respectively (Table 5).

No<U. S. FDA action |evel .or other maxi num acceptabl e concentration in
tissue, as defined.in the Cuidelines, is available for diazinon. Therefore,
the Final Residue Val ue cannot be cal cul at ed.

G her Dat a

Addi tional data on the lethal and sublethal effects of diazinon for
freshwater..species are presented in Table 6. Sewage nicrobes (Bauer et al
1981) and acti nonycete bacteria (Sethunathan and MacRae 1969) appear to be
unaffected or have growth enhancenent at diazinon concentrations near water
saturation. Data seemto vary greatly for several species of single celled
green plants and diatons. The green algal species, Chlorella ellipsoidea and
Chl anydononas sp., were affected only at concentrations of 100,000 :g/L. The
green al gae Scenedesnus quadricauda was not affected at 1,000 :g/L, but a
m xture of green alga and diatons had reduced growh at <10 :g/L (Butler et
al. 1975a). From Table 4, the green alga Sel enastrum capri cornutum showed
adverse reproduction at 6,400 :g/L. Duckweed (Wl ffia papulifera) had 100
percent nortality at 100,000 :g/L saturation and devel oped deformties at
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10,000 :g/L in 11-day exposures (Wrthley and Schott 1971). Various tested
speci es of protozoans denonstrated | ow sensitivity to diazinon conpared to
crustacean and vertebrate species. Adverse affects were reported for
protozoans from .3,000 :g/L (Evtugyn et al. 1997) to 29,200 :g/L (Fernandez-
Casal derrey et al. 1992b). 1In contrast, the rotifer Brachionus cal yciflorus,
was i nvestigated by Fernandez-Casal derrey (1992a,b,c,d) and found to be
substantially less sensitive than cladocerans and insects to diazinon with
respect to survival (24-hr LC50 of 29,220 :g/L), filtration and ingestion
rates (50 percent reduction at 14,000 :g/L), reproduction (decreased
reproduction at <5,000 :g/L), and nedian lethal time effects (LT50 val ues
ranged from2.5 to 4 days for 14,000 and 5,000 :g/L, respectively). Juchelka
and Snell (1994) estinmated a 48-hr ingestion rate NOEC of 20,000 :g/L for B
calyciflorus, and Snell and Mffat (1992) cal cul ated a reproductive NOEC of
8,000 :g/L. Chatterjee and Konar (1984) observed a 96-hr LC50 of 2,220 :g/L
for the tubificid worm Branchiura sowerbyi. <A snail species (Physa acuta)
had a 48-hr LC50 of 4,800 :g/L which is near 'the upper end of the range of
fish 96-hr LC50s (Hashinoto and Nishiuchi 1981).

Dortland (1980) conducted a series of tests with the cladoceran, Daphnia
magna, and found in one exposure that 0.2 :g/L did not affect the organisns
during the 21-day exposure, but 0.3 :g/L reduced reproduction and nobility.

In four other 21-day tests in which the test organisns were fed, the EC50s
ranged fromO0.22 to 0.8 :g/L. D: magna 21-day unnmeasured renewal tests
conducted by Fernandez-Casal derrey et al. (1995) yielded survival NOEC and
LOEC effect levels of 0.15/:g/L and<0.18 :g _diazinon/L, respectively. The
nean total<young per female and nean brood size were both significantly
reduced at the 0.15 :g/L (lowest exposure) concentration when conpared to the
controls.

Anphi pods- are usually very sensitive to diazinon. Collyard et al. (1994)
conpared the sensitivity of different H azteca age groups to diazinon. The
ei ght different age groups (0-2 to 24-26 days old at test initiation) had very
siim | ar 96-hr LC50 val ues that ranged from3.8 to 6.2 :g/L. One exception to
the nornmal ly sensitive anphi pod was the 96-hr LC50 of 200 :g diazinon/L
det er m ned-for Gammarus | acustris by Sanders (1969).

Mosquito | arvae appear to be about as sensitive to diazinon as cladocerans
and anphi pods. Yasuno and Kerdpi bul e (1967) exposed nmpbsquito |arvae, Cul ex
pi pi ens fatigans, to diazinon in 24-hr exposures and neasured LC50s ranging
from1.8 to 5.7 :g/L. Caddisfly |arvae have been exposed to diazinon in 6-hr
exposures (Fredeen 1972). The results were highly variable with LC50s rangi ng
from500 to 2,500 :g/L for Hydropsyche norosa, and >500 :-g/L for H recurvata.
It is difficult to predict the LC50 val ues at exposure durations |onger than 6
hr, but it is likely that caddi sfly LC50 val ues woul d be consi derably | ower
than 500 :g/L if exposed to diazinon for longer tinme periods. A species of
stonefly, Pteronarcys californicus, was exposed for 48 hr and had an EC50 of
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74 :g/L (Cope 1965a), which again shows insects to be quite sensitive to
diazinon. In contrast, the rotifer Brachionus calyciflorus, was investigated
by Fernandez- Casal derrey (1992a,b,c,d) and found to be substantially |ess
sensitive than cl adocerans and insects to diazinon with respect to surviva
(24-hr LC50 of 29,220 :g/L), filtration and ingestion rates (50 percent
reduction at 14,000 :g/L), reproduction (decreased reproduction at <5,000
g/L), and nedian lethal time effects (LT50 values ranged from2.5 to 4 days
for 14,000 and 5,000 :g/L, respectively).

Rai nbow trout fingerlings were exposed to diazinon concentration of 8, 40
and 200 :g/L under flowthrough nmeasured conditions for 28 days (Bresch 1991).
Survival and growth of rainbow trout in the three treatnent groups after 28
days were not statistically (p>0.05) different fromthe control group. The
resul tant chronic value for rainbow trout was >200 :g/L di‘azi non.

Rai nbow trout were al so exposed to an insecticidal soap formnul ati on of
di azi non for 96 hr and an unspecified form of /diazinon for 48 hr, and the
resul tant LC50s were 20 and 170 :g/L, respectively. CQutthroat trout of two
sizes were exposed to diazinon for 96 hr which resulted in LC50s of 3,850 :g/L
for the smaller and 2,760 :g/L for the larger fish. The LC50s for rainbow
trout and cutthroat trout were consistent with the values used in Table 1 for
the sane species. Brown trout, Salnmo trutta |lacustris, were also relatively
sensitive to diazinon having a 96-hr LC50 val ue of 602 <g/L for an unspecified
formul ati on of diazinon.

Gol dfish and carp are relatively tolerant of diazinon in acute exposures,
but newly hatched fathead mi nnow | arvae were-found to be sensitive to the
techni cal form of diazinon in seven-day exposures (Norberg-King 1989).
Jarvinen and Tanner (1982) exposed fathead m nnows to an encapsul at ed
formul ati on of diazinon in acute-and chronic exposures. The encapsul ated
formulation was | ess toxic (5,100 and 6,100 :g/L) than the technical grade
(2,100 and 4,300 :g/L; Table 1) in 96-hr exposures. They obtained a chronic
val ue of 55.14 :g/L, based upon reduction in weight in enbryo-larval 32-day
exposures with the encapsulated fornmulation. The fathead m nnow acute-chronic
ratio for the encapsul ated fornulation is 101.6 which is simlar to the acute-
chroni ¢ ratio of 102.9 for the technical grade chemcal (Table 2) with this
speci es.

Al lison (1977) exposed flagfish, J. floridae, in a 21-day pul sed dose
exposure with diazinon followed by a period without the chenical to observe
effects. Exposure of the parental stock beginning at hatch and lasting 21
days resulted in decreased egg production by the femal es at concentrations
$290 :g/L. Exposure to diazinon for 21 days just prior to spawning resulted
i n decreased parental survival at concentrations $250 :g/L, but there were no
ef fects upon reproduction at the 250 and 450 :g/L exposure concentrations.
Exposure of adults to diazinon for 21 days once spawni ng had been initiated
resulted in decreased survival of the parents at the highest exposure
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concentration (1,170 :g/L), and reduced survival of larval progeny at 1,170
tg/ L.

Chen et al. (1971) exposed the guppy, P. reticulata, to diazinon and
nmeasured 24-hr LC50s of 3,700 and 3,800 :g/L. These values were in agreenent
with the work of Ci ba-Ceigy (1976) which neasured a 96-hr LC50 of 3,000 :g/L
for the same fish species. Chayo-Mtoko and Deneer (1993) estimated a | etha
body burden of 2,495 :g diazinon/L for the guppy. Relative to sone other fish
speci es, the guppy appears to be nore tolerant of diazinon than trout species
but less tolerant than tested cyprinid species (fathead nmi nnow and gol dfi sh).

Bluegill, L. nmacrochirus, were tested by two research groups with widely
different results (Table 6). The results of Cope (1965a) indicate that the
bluegill is a relatively sensitive species (48-hr EC50 of 30 :g/L), whereas

the work of Li and Chen (1981) indicate internedi ate sensitivity (48-hr LC50
of 1,493 :g/L) relative to other fish species.

Bi oconcentration factors were determ ned fior various-aquatic speci es wi th
a value of 4.9 for the crayfish, Procanbarus/clarkii (Kanazawa 1978), 17.5 for
t he guppy (Kanazawa 1978), 28 for oriental weatherfish, M sgurnus
angui |l i caudat us (Seguchi and Asaka 1981), 62 for rainbow trout (Seguchi and
Asaka 1981), and for carp 20.9 (Tsuda et al. 1990), 65.1 (Kanazawa 1978) and
120 (Seguchi and Asaka 1981).

O her data on the |lethal and sublethal effects of dilazi non on saltwater
species (Table 6) did not indicate greater sensitivities than indicated
previously. Saltwater al gae appear to ' be | ess sensitive to diazinon than
aquatic animals. Photosynthesis of /natural phytopl ankton was essentially
unaffected by a 4-hr exposure to 1,000 :g/L (Butler 1963). There was no
ef fect <of diazinon at 1,000 :g/L on sexual reproduction of the red alga,
Chanpi a parvul a (Thursby and Taghi abue 1988). A 24-hr exposure of the red
al ga, Chondrus crispus, to 10,000 :g diazinon/L had no effect on the growth of
the alga in a subsequent 18-day grow out period (Shackl ock and Croft 1981).
Rotifers, Brachionis plicatilis, were also not acutely sensitive to diazinon
(Thur sby and Berry 1988). G owth of eastern oysters, Crassostrea virginica,
was not reduced in a diazinon exposure of 1,000 :g/L (Butler 1963). Shackl ock
and Croft(1981) showed that two days after a 3-hr exposure to 1,000 :g
di azi non/L, 100 percent of the anphi pod, Gammarus oceani cus, and the isopod,
| dotea baltica, as well as 88 percent of the saltwater snail, Lacuna vincta,
test organisns were dead. The 48-hr EC50 of diazinon to grass shrinp,

Pal aenonet es pugi o, was 28 :g/L (Mayer 1987). The brown shrinp, Penaeus
aztecus, had a 24-hr EC50 of 44 :g/L (Butler 1963) and a 48-hr EC50 of 28 :g/L
(Mayer 1987). The 24- and 48-hr LC50s for the white nullet, Migil curens,
were both 250 :g/L.

An aquatic m crocosm study was conducted by G ddings et al. (1996) with
techni cal grade diazinon to neasure the effects of a range of diazi non
exposure regi nes to many taxonom ¢ groups under simulated field conditions,
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and to determine the relationship between the | evel of diazinon exposure and
the magni tude of ecol ogi cal response. Eighteen fiberglass tanks, each 3.2 m
in diameter and 1.5 min depth, were established with sedinent and water (11.2
m’) from natural ponds and stocked with 40 juvenile bluegill sunfish (L.
macrochirus). Diazinon was applied in aqueous solution three tines at 7-day
intervals. Eight |oading rates were used, with two nicrocosns at each |eve
plus two controls. The anobunts of diazinon added during each application
corresponded to theoretical concentrations from2.0 :g/L to 500 :g/L. The
nost sensitive ecol ogi cal conponents of the microcosnms were C adocera
(zoopl ankton), and Pent aneurini and Cerat opogoni dae (chironom d insects),
which were reduced at all treatnent levels. Effects on many zoopl ankt on and
nmacr oi nvertebrate taxa occurred at diazinon concentrations (time-weighted
averages) of 9.2 :g/L and higher. Total fish biomass was reduced at 22 :g/L
and hi gher, and fish survival was reduced at 54 <g/L and hi gher. QOdonates,
sone di pterans, and plants were not adversely affected by diazinon at 443
g/ L, the highest concentration tested. M crocosmresults were consistent
with laboratory toxicity data for sone taxa (e.g., cladocerans, Epheneroptera,
and bl uegill sunfish), but differed substantially for others (e.g., rotifers,
Chirononmini, and odonates). The NOEC (4.3 pg/L) in the mcrocosns (70-d tine-
wei ght ed average) was near the 10th percentile of single species LC50 val ues.
Qut door experinental channels at EPA s Monitcello Ecol ogi cal Research
Station (Mssissippi Rver water) were used by Arthur et al. (1983) to
eval uate the effects of diazinon on nmacroi nvertebrates. One channel served as
a control and two channel s/as | ow and hi gh treatnments. The |ow and high
treat nent .channel s were conti nuously dosed at either 0.3 or 3 :g/L nom na
di azi non concentrations for 12 weeks, then increased to 6 and 12 :g/L nom na
di azi non levels for four weeks, and finally the high treatnment was increased
to 30 :g/L and the |ow treatnent channel returned to ambient. Only the first
12 week dosi ng regine achieved nom nal diazinon levels (0.3 and 3 :g/L) as
i ndi.cated by anal ytical neasurenments, the latter two dosing regines did not
reach the intended levels. No consistent interchannel differences were
observed in total<macroinvertebrate abundance or in species diversity indices.
Hyal el | a-was t he npbst sensitive species encountered, exhibiting substantially
higher (5 to 8 tinmes) drift rates in the 0.3 :g diazinon/L dosed channe
relative to the control channel, and had sharply reduced popul ation |evels at
di azi non concentrations as low as 5 :g/L. Macroinvertebrate diazi non
tolerance fromnost tolerant to | east tol erant was observed as: fl atwornms,
physid snails, isopods and chirononids nost tolerant; |eeches and the anphi pod
Crangonyx |l ess tolerant; the anmphi pod Hyalella, mayflies, caddisflies and
dansel flies sensitive

Unused Dat a
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Sone data concerning the effects of diazinon on aquatic organisns and
their uses were not used because the tests were conducted with species that
are not resident in North Anerica or because the test species was not obtained
froma wild population in North Anerica and was not identified well enough to
determ ne whether it is resident in North Anerica (e.g., Al abaster 1969; Al am
and Maughan 1993; Alamet al. 1995, Anees 1974, 1976, 1978; Arab et al. 1990;
Asaka et al. 1980; Bajpai and Perti 1969; Bounmiza et al. 1979; Ceron et al
1996a, b; Chu and Lau 1994; El-Elaimy et al. 1990; Ferrando et al. 1991; Hamm
et al. 1998; Hi daka et al. 1984; Hirayanma and Tamanoi 1980; Hirose and
Kawakam 1977; Hirose and Kitsukama 1976; Hirose et al. 1979; Igbal et al
1992; Kabir and Ahmed 1979; Kabir and Begum 1978; Kanazawa 1975, 1980,
1981a, b, 1983a; Khal af - All ah 1999; Ki kuchi et al. 1992; Kinura and.Keegan
1966; Kobayashi et al. 1993; Mah et al. 1995; Mrale et al. 1998; N foros and
Li m 1998; Ni shiuchi and Yoshida 1972; Ronpas et .al . 1989; Sakr and Gabr 1992;
Sakr et al. 1991; Sancho et al. 1992a,b, 1993a, b, 1994; Setakana and Tan 1991;
Shi gehi sa and Shiraishi 1998; Sinha et al. 1987; Stevens 1991, 1992; Stevens
and Warren 1992; Tsuda et al. 1989, 1992, 1995a, b, 1997a,b; Uno et al. 1997
Van der Ceest et al. 1999; Yasutom and Takahashi 1987). Results (e.g.
Kuwabara et al. 1980) of tests conducted with brine shrinmp, Artem a sp., were
not used because these species are froma uni que saltwater environnent.

Bay et al. 1993; Connolly 1985; Dyer et al. 1997; Ei'sler 1986; Garten and
Trabal ka 1983; Kaiser et al. 1997; Kanazawa 1982; Kenaga 1979, 1982; Robi nson
1999; Roex et al. 2000; Sanchez et al . 1998; Steen et al. 1999; Van der Ceest
et al. 1997; Vighi and Calamari 1987; Vittozzi and DeAngelis 1991; Yoshi oka et
al . 1986; Zaroogian et al. 1985a, b conpiled data from other sources. Results
were not used when either the test procedures, test material, or dilution
wat er was not adequately described (e.g., Adlung 1957; Ansari et al. 1987,
Butler et al. 1975a, b; Chatterjee 1975; Hashi noto and Fukam 1969; Hatakeyana
and Sugaya 1989; Kaur and Toor 1980; Miurray and Guthrie 1980; Ch et al. 1991;
Qadri® and Anjum 1982).

Data were not used when di azi non was a conmponent of a drilling nud,
effluent, fly ash; mxture, formulation, sedinent, or sludge (e.g., Al am and
Maughan 1992; Anmato et al. 1992; Bailey et al. 1996, 2000; Bathe et al. 1975a,
b; Bishop et al. 1999; Burchfield and Storrs 1954; Burkhard and Jenson 1993;
Deanovic et al. 1996, 1997; Dennis et al. 1979a,b; DeVlanming et al. 2000;
Doggett and Rhodes 1991; Duursnma and Hanafi 1975; Foe 1995; Foe et al. 1998;
d ass et al. 1995; Guber and Munn 1998; Hashinoto et al. 1982; Hatakeyana et
al . 1997; Hendriks et al. 1998; Hilsenhoff 1959; Kikuchi et al. 1996; Kuivila
and Foe 1995; LaBrecque et al. 1956; Larsen et al. 1998; Lehotay et al. 1998;
McLeay and Hall 1999; Macek 1975; Mal one and Bl ayl ock 1970; Matsuo and Tanura
1970; Mazidji et al. 1990; Mulla et al. 1963; N shiuchi 1977; Pan and Dutta
1998; Rettich 1979; Singh 1973; Steinberg et al. 1992; Tripathi 1992; Tsuda et
al. 1997a,b; Verma et al. 1982; Werner et al. 2000; Wng 1997; Wbhng and Chang
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1988), unless data were available to showthat the toxicity was the sane as
di azi non alone. Anjum and Siddi qui 1990; Ansari and Kumar 1988; Ariyoshi et
al . 1990; Burbank and Snell 1994; Christensen and Tucker 1976; Dutta et al
1992a, b, 1993, 1994, 1997; Dyer et al. 1993; Fujii and Asaka 1982; Garrood et
al. 1990; Hiltibran 1974, 1982; Keizer et al. 1995; Kraus 1985; M tsuhashi et
al. 1970; Moore and Waring 1996; O son and Christensen 1980; Qadri and Dutta
1995; Sastry and Malik 1982a,b; Sastry and Sharma 1980, 1981; Vigfusson et al
1983; Weiss 1959, 1961; Weiss and Gakstater 1964; Witnore and Hodges (1978)
exposed pl asma, enzynes, excised or honpgeni zed tissue, tissue extracts, or
cell cultures. Tests conducted without controls or with too few test

organi sns were not used (e.g., Applegate et al. 1957; Devillers et al. 1985;
Federle and Collins 1976). Data of Norland et al. (1974) were not _.used
because it was derived using organi sns preconditioned to organophosphorus
chem cal s.

Results of sone | aboratory tests were not /used because the tests were
conducted in distilled or deionized water w thout addition of appropriate
salts or were conducted in chlorinated or "tap" water (e.g., Miulla et al.
1962; Rettich 1977; Yasuno et al. 1965), or the concentration of a water-

m sci bl e solvent used to prepare the test solution exceeded 0.5 nL/L (Beauvais
et al. 2000). Hirakoso 1968; Lee et al« 1993; Jamback and Frenpong- Boadu
1966; Kl assen et al. 1965; Kok 1972; Lilly et al. 1969; Mulla 1963; N shiuch
and Asano 1979; O Kel |l ey and Deason 1976; Steinberg et al. 1993 were not used
because the results were not -adequately described or could not be interpreted.

BCFs and BAFs from | aboratory tests were-not used when the tests were
static or_when the concentration of diazinon in the test solution was not
adequatel y neasured or varied too nuch (e.g., Khattat and Farley 1976).
Toxicity data were not used if they were generated with a photol uni nescence
assay utilizing |yophilized marine bacteria that had been rehydrated (e.qg.
Curtis et al. 1982). Reports of the concentration of diazinon in wild aquatic
organisns (e.g., Cark et al. 1984) were not used to cal cul ate BAFs when
either the nunber of neasurements of the concentration in water was too small
or the range of the neasured concentrations in water was too |large. BCFs
obt ai ned - f.rom m crocosm or nodel ecosystem studies were not used when the
concentration of diazinon in water decreased with tine (e.g., Mller et al
1966) .

Sunmmary
The acute toxicity of diazinon to freshwater organi sms was determ ned for
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12 invertebrate species, 10 fish species and one anphibian (Figure 1). Eight
of the invertebrate species (two insects and six crustaceans) were the nost
sensitive organisms tested (0.20 to 25 :g/L) and one invertebrate species
(planarian) was the nost tolerant species tested (11,640 :g/L). Freshwater
fish were internediate in sensitivity to the two groups of invertebrates.

Rai nbow trout (Oncorhynchus nyki ss) was the nost sensitive fish (425.8 :g/L),
and gol dfish (Carassius auratus) was the nost tolerant fish tested (9,000
:g/L). No relationships have been denonstrated between water quality
characteristics such as hardness and toxicity. The freshwater Final Acute

Val ue is 0.1925 :g/L.

Si x chronic exposures were conducted with five species of freshwater
organi sns (Figure 3). Chronic values ranged from0.3382 to >200 :g/L, and the
Acut e- Chronic Ratios (ACRs) ranged from 1.112 for Ceriodaphni a dubia to >903.8
for brook trout (Salvelinus fontinalis). The Final. Acutie-Chronic Ratio for
di azi non was derived using two ACR' s for tested species near the FAV because
the ACR s decreased with SMAV's. Because the conmputed FACR was | ess than 2.0
i ndicating that the organisns nay have becone acclinated to diazinon during
the study, the value was changed to 2.0. Thus; the freshwater Final Chronic
Val ue (FCV) for diazinon is 0.0963 pg/L (FAV + FACR, or 0.21925 pg/L + 2.0 =
0.0963 pug/L).

The acute toxicity of diazinon to saltwater organi snms was determ ned for
ni ne species, of which seven were invertebrates (Figure 2). Five of the
i nvertebrates were crustaceans and the nost sensitive species tested (2.57 to
21 :g/L) and two species (an annelid and an _echi nodern) were the nost tolerant
species tested (>2,880 and >9,600 :g/L, respectively). Two species of
sal twater fish were tested and they were internediate in sensitivity with
acute values of 1,170 and 1,470 :g/L. The saltwater Final Acute Value is
1.637 :g/L.

Chroni c values were deternined for two species of saltwater organi sns.
The ysid, Americanysis bahia, and the sheepshead m nnow, Cyprinodon
vari egatus, had chronic values of 3.040 and <0.47 :g/L, respectively (Figure
3). ACRs were 1.586 and >3,128 for the nysid and sheepshead ni nnow,
respectively: The Final Acute-Chronic Ratio for diazinon is 2.0 (see previous
text). Thus, the saltwater Final Chronic Value (FCV) for diazinon is 0.8185
pg/ L (FAV + FACR, or 1.637 pg/L + 2.0 = 0.8185 pg/L). The FCV for salt water
is lowered to 0.4 :g/L to protect the inportant sheepshead m nnow.

Only one acceptable test with a freshwater al gal species (Sel enastrum
capricornutum was conducted, whereas no acceptable toxicity data are
avail abl e for freshwater vascular plants. No saltwater tests with aquatic
pl ants were suitable for consideration when estinmating the Final Plant Val ue.
Therefore, based upon this single test, the Final Plant Value is 6,400 :g/L.

Bi oaccumnul ati on of diazinon was neasured in three species of freshwater
fish and steady-state |levels were reached in about three days.
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Bi oconcentration factors of 62, 120 and 188 were determ ned for rainbow trout,
carp (Cyprinus carpio) and guppies (Poecilia reticulata), respectively. The
tissue half-life was | ess than seven days. Bioaccunul ation of diazinon was
deternined in one saltwater species. The sheepshead m nnow was exposed for
108 days to three concentrations and had a nean bi oconcentration factor of 169
times the concentration in water. No U S. FDA action |evel or other maxi num
acceptabl e concentration in tissue, as defined in the Guidelines, is available
for diazinon. Therefore, the Final Residue Val ue cannot be cal cul at ed.

National Criteria

The procedures described in the "CGuidelines for Deriving Nunerical
National Water Quality Criteria for the Protection of Aquatic Organi sns and
Their Uses" (Stephan et al. 1985) indicate that, except ‘possibly where a
locally inportant species is very sensitive, freshwater aquatic organi sns and
their uses should not be affected unacceptablly if the<one-hour average
concentration does not exceed 0.10 pg/L nore than once every three years on
the average and if the four-day average concentrati on of di azi non does not
exceed 0.10 pg/L nore than once every three years on the average

The procedures described in the "Cuidelines for Deriving Nunerical
Nati onal Water Quality Criteria for<the Protection of Aquatic O ganisns and
Their Uses" (Stephan et al. 1985) indicate that, except possibly where a
locally inportant species isvery sensitive, saltwater aquatic organi sns and
their uses should not be affected unacceptably if the one-hour average
concentration does not  exceed 0.82 upg/L nobre than once every three years on
the average and if the four-day average concentration of diazinon does not
exceed 0.40 pg/L nore than once every three years on the average. Because
sensitive saltwater aninals appear to have a narrow range of acute
susceptibilities to diazinon, this criterion will probably be as protective as
i ntended only when the magnitude and/or duration of excursions are
appropriately small

| npl enent ati on

As discussed in the Water Quality Standards Regulation (U.S. EPA 1983a)
and the Foreword to this docunent, a water quality criterion for aquatic life
has regul atory inpact only after it has been adopted in a state water quality
standard. Such a standard specifies a criterion for a pollutant that is
consistent with a particul ar designated use. Wth the concurrence of the U S.
EPA, states designate one or nore uses for each body of water or segnment
t hereof and adopt criteria that are consistent with the use(s) (U S. EPA
1983b, 1987). In each standard a state nay adopt the national criterion, if
one exists, or, if adequately justified, a site-specific criterion. (If the
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site is an entire state, the site-specific criterionis also a state-specific
criterion.)

Site-specific criteria may include not only site-specific criterion
concentrations (U S. EPA 1983b), but also site-specific, and possibly
pol | ut ant -specific, durations of averaging periods and frequencies of allowed
excursions (U S. EPA 1991). The averagi ng periods of "one hour” and "four
days" were selected by the U S. EPA on the basis of data concerning how
rapidly some aquatic species react to increases in the concentrations of sone
pol lutants, and "three years" is the Agency's best scientific judgnent of the
average anount of time aquatic ecosystens shoul d be provi ded between
excursions (Stephan et al. 1985; U S. EPA 1991). However, various species and
ecosystens react and recover at greatly differing rates. Therefore;. if
adequate justification is provided, site-specific and/ or pollutant-specific
concentrations, durations, and frequencies may be hi gherior |ower than those
given in national water quality criteria for aquatic |life:

Use of criteria, which have been adopted/in statewater quality standards,
for devel oping water quality-based permt limts and for designing waste
treatment facilities requires selection of an_appropriate wastel oad all ocation
nodel . Al 'though dynamic nodels are preferred for the application of these
criteria (U S. EPA 1991), linited data.or other considerations mght require
the use of a steady-state nodel (U.S EPA 1986). Gui dance on m xi ng zones and
the design of nonitoring programs is also available (U S. EPA 1987, 1991).
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Diazinon Effect Concentrations (ug/L)

Figure 1. Ranked Summary-of Diazinon GMAVs
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Figure 2. Ranked Summary.of Diazinon GMAVs
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Chronic Value (ug/L)

Figure 3. Chronic Toxicity of Diazinon.to Aquatic Animals
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Speci es

Pl anari a,
Dugesia tigrina

A i gochaete worm
Lunbri cul us
vari egat us

A i gochaete worm
Lunbri cul us
vari egat us

Snail (2.4 g),
Glliaaltilis

Appl e snail- (1-day),

Ponacea pal udosa

Appl e snail (7-days),

Ponmacea pal udosa

Appl e snail (7-days),

Ponmacea pal udosa

Cladocer an (<24 hr),
Cer i odaphni a dubi a

Tabl e 1.

Har dness LC50
(mg/ L as or EC50
Met hod  Chenical® CaCo,) (ua/ L)
FRESHWATER SPECI ES
S, M Techni cal 46. 5- 11, 640
(85% 47.5
S, M Techni.cal 46- 48 9, 980
(85%
S U Techni cal 42- 47 6, 160
(95%
S, U Techni cal 22-35 11, 000
(89%
F, M Techni cal 130.5 2,950
(879
F, M Techni cal 219 3,270
(879
F, M Techni cal 173.5 3,390
(879
S, U Techni cal 40 0.57¢¢
(85%

Speci es
Mean
Acute
Val ue

(pa/ L)

11, 640

7,841

11, 000

3,198

Acute Toxicity of Diazinon to Aquatic Aninals

Ref er ence

Phi pps 1988

Phi pps 1988

Ankl ey and Col |l yard

1995

Robertson and
Mazzel l a 1989

Call 1993
Call 1993
Call 1993

Nor ber g- Ki ng 1987



Table 1. (continued)

Har dness LC50 Speci es
(ng/L as or< EC50 Mean
Speci es Met hod Cheni cal ® CaCO;) (ua/L) Acut e Ref erence
2 Val ue
(pa/ L)

Cl adoceran (<24 hr), S U Techni cal 45 0. 66°¢ - Nor ber g- Ki ng 1987
Ceri odaphni a dubi a (85%

Cl adoceran (<24 hr), S U Techni cal 40- 48 0.57¢¢ - Nor ber g- Ki ng 1987
Ceri odaphni a dubi a (85%

Cl adoceran (<24 hr), S U Techni cal - >1. 04 - Nor ber g- Ki ng 1987
Ceri odaphni a dubi a (85%

Cl adoceran (<24 hr), S, U Techni cal 40 >0. 6¢ - Nor ber g- Ki ng 1987
Ceri odaphni a dubi a (85%

Cl adoceran (<6 hr), S M Techni cal 40 0. 66°¢ - Nor ber g- Ki ng 1987
Ceri odaphni a dubi a (85%

Cl adoceran (<48 hr), S U Techni cal - 0. 35 - Nor ber g- Ki ng 1987
Ceri odaphni a dubi a (85%

Cl adoceran (<48 hr); S, U Techni cal - 0.35 - Nor ber g- Ki ng 1987
Cer i odaphni-a dubi a (85%

Cl adoceran (<6 hr), S U Techni cal - 0. 25 - Nor ber g- Ki ng 1987
Ceri odaphni a dubi a (85%

Cl adoceran (<24 hr), S U Techni cal - 0. 33 - Nor ber g- Ki ng 1987
Ceri odaphni a dubi a (85%

Cl adoceran (<48-hr), S U Techni cal - 0. 35 - Nor ber g- Ki ng 1987
Ceri.odaphni-a dubi a (85%



Tabl e 1.

Speci es

Cl adoceran (<48 hr),
Ceri odaphni a dubi a

Cl adoceran (<48 hr),
Ceri odaphni a dubi a

Cl adoceran (<48 hr),
Ceri odaphni a dubi a

Cl adoceran (<48 hr),
Ceri odaphni a dubi a

Cl adoceran (<48 hr),
Ceri odaphni a dubi a

Cl adoceran (<24 hr),
Ceri odaphni a dubi a

Cl adoceran (<24 hr);
Cer i odaphni-a dubi a

Cl adoceran (<24 hr),
Ceri odaphni a dubi a

Cl adoceran (<24 hr),
Ceri odaphni a dubi a

Cl adoceran (<20-hr),
Daphni a magna

(conti nued)

Har dness LC50
(ng/L as or< EC50
Met hod Cheni cal P CaCO,) (ua/ L)
S, U Techni cal - 0.59
(85%
S, U Techni cal - 0. 43
(85%
S, U Techni cal - 0. 35
(85%
S, U Techni cal - 0. 36
(85%
S, U Techni cal 40-48 0.5
(95%
S, M Anal yti cal 80-100 0.58
(999
S, M Anal yti cal 80- 100 0. 48
(99%
S, M Anal yti cal 80- 100 0. 26
(99%
S, M Anal yti cal 80- 100 0.29
(99%
S, U Techni cal 50 0.96

Speci es
Mean
Acut e
Val ue

(pa/ L)

0.3773

Ref erence

Nor ber g- Ki ng 1987
Nor ber g- Ki ng 1987
Nor ber g- Ki ng 1987
Nor ber g- Ki ng 1987
Ankl ey et al. 1991
Bail ey et al. 1997
Bail ey et al. 1997
Bail ey et al. 1997
Bail ey et al. 1997
Vil kas 1976



Table 1. (continued)

Speci es

Cl adoceran (<24 hr),
Daphni a magna

Cl adoceran (<48 hr),
Daphni a magna

Cl adoceran (first
i nstar),
Daphni a pul ex

Cl adoceran (first
i nstar),
Daphni a pul ex

Cl adoceran (<48 hr),
Daphni a pul ex

Cl adoceran (first
i nstar),

Si nocephal us
serrul at us

Cl adoceran (first
i nstar),

Si mocephal us
serrul at us

Har dness LC50
(ng/L as or< EC50
Met hod Cheni cal P CaCO,) (ua/ L)
S U Anal yti cal 200 1.5
S, U Techni cal 40- 48 0.8
(95%
S, U Techni cal 47 0. 90
(89%
S, U Techni cal 47 0.8
(89%
S, U Techni cal 40-48 0. 65
(95%
S, U Techni cal 47 1.8
(899
S, U Techni cal 47 1.4
(89%

Speci es
Mean
Acut e
Val ue

(pa/ L)

1. 048

0.7764

1.587

Ref erence

Dortl and 1980

Ankl ey et al. 1991

Cope 1965a; Sanders
and Cope 1966

Johnson and Finl ey
1980; Mayer and
El | ersi eck 1986

Ankl ey et al. 1991

Cope 1965a; Sanders
and Cope 1966; Mayer
and Ell ersieck 1986

Sanders and Cope
1966; Johnson and
Finl ey 1980; Mayer
and Ellersieck 1986



Tabl e 1.

(conti nued)

Speci es

Anphi pod (mature),
Gammar us fasci at us

Amphi pod (7-14 days),

Hyal el | a azteca

Stonefly (larva 30-35

mm, Pteronarcys
californica

M dge(third instar),

Chirononus tent ans

Cutthroat trout (2.0
g), Oncorhynchus
cl ar ki

Cutthroat trout (2.0
g), Oncor hynchus
cl ar ki

Rai nbow trout (3.7

cm,
Oncor hynchus nyki ss

Har dness LC50
(ng/L as or< EC50
Met hod Cheni cal P CaCO,) (ua/ L)
S, Techni cal 44 0. 20
(89%
S, Techni cal 42- 47 6.51
(95%
S, Techni cal 47 25
(89%
S, Techni cal 42- 47 10. 7
(95%
S, Techni cal 162 1, 700
(92%
S, Techni cal 44 2,760
(92%
S, Techni cal - 400

Speci es
Mean
Acut e
Val ue

(pa/ L)

0. 20

25

10. 7

2,166

Ref erence

Johnson and Finl ey
1980; Mayer and
El | ersi eck 1986

Ankl ey and Col | yard
1995

Cope 1965a; Sanders
and Cope 1968;
Johnson and Finl ey
1980; Mayer and

El | ersi eck 1986

Ankl ey and Col | yard
1995

Johnson and Finl ey
1980; Mayer and
El | ersi eck 1986

Mayer and El | ersi eck
1986

Beliles 1965



Table 1. (continued)

Har dness LC50 Speci es
(ng/L as or< EC50 Mean
Speci es Met hod Cheni cal ® CaCO;) (ua/L) Acut e Ref erence
2 Val ue
(pa/ L)

Rai nbow trout (1.20 S U Techni cal 44 90 - Cope 1965a; Johnson
g), (89% and Finley 1980;
Oncor hynchus myki ss Mayer and El | ersi eck

1986
Rai nbow trout (25-50 S, U Techni cal - 3, 200 - Bat he et al. 1975a
)
Oncor hynchus myki ss
Rai nbow trout, S, U Techni cal - 90 - Ci ba-G egy 1976
Oncor hynchus mnyki ss
Rai nbow trout, S, U Reagent 192 1, 350 425. 8 Meier et al. 1979;
Oncor hynchus myki ss Dennis et al. 1980
Brook trout (1 yr), F, M Techni cal 45 800 - Al lison and Her manut z
Sal velinus fontinalis (92.5% 1977
Brook trout (1 yr), F, M Techni cal 45 450 - Al'lison and Her manut z
Sal vel i.nus fontinalis (192. 5% 1977
Brook trout (1 yr), F, M Techni cal 45 1, 050 723.0 Al l'ison and Her manut z
Sal velinus fontinalis (92. 5% 1977
Lake trout (3.20 ), S U Techni cal 162 602 602 Johnson and Finl ey
Sal vel i nus namaycush (92% 1980; Mayer and

El | ersei ck 1986
Zebrafish (0.4 g), R M Techni cal - 8, 000 8, 000 Kei zer et al. 1991
Brachydani o rerio (98%



Tabl e 1.

Speci es

Fat head m nnow,
Pi mephal es pronel as

Fat head m nnow
(newl y hat ched

| arva),

Pi mephal es pronel as

Fat head m nnow
(newl y hat ched

| arva),

Pi mephal es pronel as

Fat head m nnow
(juvenile),
Pi mephal es_pronel as

Fat head m nnow
(newl y hat ched
l'arva),

Pi mephal es pronel as

Fat head m nnow
(juvenile),
Pi mephal es prormel as

(conti nued)

Har dness LC50
(ng/L as or< EC50
Met hod  Chenical® CaC0O;) (ua/ L)
S, U Reagent 192 10, 300¢
S, M Techni cal 45. 8 4, 300¢
(87.1%
(fresh
st ock
sol ut.i‘on)
S, M Techni cal 45. 8 2, 100¢
(87.1%
(aged
st ock
sol uti on)
F, M Techni cal 45 10, 000
(92.5%
F, M Techni cal 45 6, 900
(87.1%
F, M Techni cal 43.6 9, 350
(87.1%

Speci es
Mean
Acut e
Val ue

(pa/ L)

8, 641

Ref erence

Meier et al. 1979;
Dennis et al. 1980

Jarvinen and Tanner
1982

Jarvinen and Tanner
1982

Al lison and Hermanutz

1977

Jarvinen and Tanner
1982

Uni versity of
W sconsi n- Superi or
1988



Table 1. (continued)

Speci es

Gol dfish (2.5-6.0
cnm,

Car assi us aur at us
Fl agfish (6 wk),
Jordanella floridae
Fl agfish (7 wk),
Jordanella floridae

Guppy (0.6 9g),
Poecilia reticul ata
Bluegill (2.5-5.0
cnm,

Lepom s macr ochirus

Bl uegi I 1" (0.87 @),
Lepom s nmacrochirus

Bl uegifl I,
Lepom s macr ochi rus

Bl uegill (0.8 g),
Lepom s macrochi rus

Bl uegill (1.00 g)s
Lepom s nmacrochirus

Har dness LC50
(ng/L as or< EC50
Met hod Cheni cal P CaCO,) (ua/ L)
S, Techni cal - 9, 000
(91%
F, Techni cal 45 1, 500
(92.5%
F, Techni cal 45 1, 800
(92.5%
R, Techni cal - 800
(98%
S, Techni cal - 136¢
S, Techni cal - 22¢
S, Techni cal - 22¢
S, Reagent 192 120¢
S, Techni cal 44 168. 0¢
(92%

Speci es
Mean
Acut e
Val ue

(pa/ L)

9, 000

1, 643

800

Ref erence

Bel il es 1965

Al lison and Her manutz
1977

Al lison and Hermanutz
1977

Kei zer et al. 1991

Bel il es 1965

Cope 1965b

Ci ba- Gei gy 1976

Meier et al. 1979;
Dennis et al. 1980

Johnson and Finl ey
1980; Mayer and
El | ersi eck 1986



Table 1. (continued)

Har dness

(mg/L as
Cheni cal ® CaCQO,)

Speci es Met hod
a
Bluegill (1 yr.), F, M

Lepom s nmacrochirus

Bluegill (1 yr.), F, M
Lepom s nmacrochirus

Green frog (stage 8), R U
Rana cl am t ans

Techni cal 45 Al lison and Her manut z
(92.5% 1977
Techni cal Al lison and Her manut z

(92. 5% 1977

Techni cal Harris et al. 1998



Table 1. (continued)

LC50 Speci es
Salinity or< EC50 Mean
Speci es Met hod Cheni cal P (a/ kq) (pa/ L) Acut e Ref erence
2 Val ue
(pa/ L)

SALTWATER SPECI ES

Annelid worm R U (96% 30 >2, 880 >2,880 Thursby & Berry 1988
(juvenile),

Neant hes

ar enaceodent at a

Copepod (adult), S, M Techni cal 20 2.57 2.57 Khattat & Farley 1976
Acartia tonsa (97.6%

Mysid (juvenile), R U (96% 29 8. 5¢ - Thursby & Berry 1988
Arer i canysi s bahi a

Mysid (juvenile), S, U Techni cal 25 8. 5¢ - Cripe 1994
Amer.iccanysi.s bahi a

Mysid (juvenile), F, M Di.azi non 17 4. 82 4.82 Nimmo et al. 1981
Anmer i camysi s bahi a

Anphi pod (juvenile), R U (96% 30 6.6 6.6 Thursby & Berry 1988
Ampeli'sca abdita

Pi nk shrinmp (larval), S, U Techni cal 25 21 21 Cripe 1994

Penaeus duorarum

Grass shrinmp R U (96% 30 2.8 2.8 Thursby & Berry 1988
(larval),

Pal aenpbnet es_pugi o



Table 1. (continued)

LC50 Speci es
Salinity or< EC50 Mean

Speci es Met hod Cheni cal ® (a/ka) (ua/L) Acut e Ref erence

2 Val ue

(pa/ L)

Sea urchin S, U (96% 31 >9, 600 >9, 600 Thursby & Berry 1988
(enmbryo/l arval),
Arbaci a punctul ata
Sheepshead m nnow F, M (92. 6% 23 1, 400 1, 400 Goodrman et al. 1979;
(juvenile), Mayer 1987
Cyprinodon vari egat us
I nl and sil verside R U (969 30 1,170 1,170 Thursby & Berry 1988

(juvenile),
Meni di a beryllina

a S =static; R=renewal; F = flowthrough; M= neasured; U = unneasured.

® Percent purity is given in parenthesis when available

¢ Aninmals were fed during the exposure

9 Results were not used in the cal cul ati.on of the Species Mean Acute Val ue due to availability of data fromnore
sensitive test conditions.



Table 2. Chronic Toxicity of Diazinon to Aquatic Aninals

Har dness
(mg/L as Chr oni ¢ Chr oni ¢
Speci es Test? Cheni cal ® CaCo,) Limts Val ue Ref er ence

(ua/ L) (ua/ L)

FRESHWATER SPECI ES

Cl adoceran (<6-hr. LC Techni cal 40 0. 220-0. 520 0. 3382 Nor ber g- Ki ng

ol d), (7- (85% 1987

Ceri odaphni a dubi a day)

Brook trout PLC Techni cal 45 0-0.8 <0.8 Al lison and
(yearling), (92.5% Her manutz 1977

Sal vel i nus
fontinalis

Zebr afi sh, ELS Anal yti cal 360 200->200 >200 Bresch 1991
Brachydani o rerio

Fat head m nnow ELS Techni cal 45.8 50- 90 67.08 Jarvi nen and
(enbryo- I arva), (87.1% Tanner 1982
Pi nephal es pronel.as

Fat head m nnow ELS Techni cal 44- 49 16.5-37.8 24. 97 Nor ber g- Ki ng
(enbryo-larva), (88. 2% 1989

Pi nephal es pronel as

Fl'agfi sh (1-day LC - - 0-14 <14 Al lison 1977
ol d),

Jordanella floridae

SALTWATER SPEC!I ES




Table 2. (continued)

Mysid (juvenile), LC - 30- 31¢ 2.1-4.4 3..040 Ni mmo et al.
Arer i canysi s bahi a 1981
Sheepshead m nnow PLC Techni cal 16. 5°¢ 0-0. 47 <0. 47 Goodman et al
(juvenile), (92.6% 1979

Cypri nodon

vari egat us

a PLC = partial life-cycle; ELS = early life-stage; LC = 1life cycle.
b Percent purity is listed in parentheses when available.
¢ salinity g/kg.

Acut e- Chronic Ratio

Har dness Acut e Value Chronic Val ue Mean
Speci es (mo/ L _as (ug/ L) (pg/ L) Ratio Ratio
CaCO,)
Cl adocer an, 40 0. 3760 0. 3382 1.112 1.112
Ceri odaphnia dubi a
Mysi d, 17¢ 4,82 3. 040 1.586 1. 586
Ameri canysi s bahi a
Fl agfi sh, 45 1, 643 <14 >117. 4 >117. 4

Jordanel | a
floridae



Table 2. (continued)

Fat head m nnow, 45.8 6, 900
Pi mephal es
pronel as

Fat head m nnow, 44- 49 9, 350
Pi nephal es
pronel as

Br ook trout, 45 723.0
Sal vel i nus
fontinalis

>903. 8

>903. 8

Sheepshead mi nnow, >2,979
Cyprinodon

vari egat us

¢ Salinity (g/kg).
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Tabl e 3.

Ranked Genus Mean Acute Val ues with Species Mean Acute-Chronic Ratios

Genus Mean
Acut e Val ue
(ua/ L) Speci es
FRESHWATER SPECI E
11, 640 Pl anari a,
Dugesia tigrina
11, 000 Snai l,
Gllia altilis
9, 000 Gol dfii sh,

8, 641

danel |l a floridae

Cutthroat trout, 2,166
Oncor hynchus cl ar ki

Rai nbow trout, 425.8
Oncor hynchus nyki ss

Quppy, 800
Poecilia reticulata

Br ook trout, 723
Salvelinus fontinalis

196. 3

>117. 4

>903. 8




Table 3. (continued)

Genus Mean Speci es Mean
Acut e Val ue
Rank? (uag/ L) Speci es
Lake trout,
Sal vel i nus namaycush
9 459. 6 Bl uegil I,
Leponi s macrochirus
8 >50 Green frog -

Rana cl am tans

St onefl vy,

Cl adocer an,
phni a pul ex

adocer an, 0.3773 1.112
Cer i odaphni a dubi a
Anphi pod, 0.20 -

Gammar us fasci atus



Table 3. (continued)

Speci es Mean

Speci es

CGenus Mean

Acut e Val ue
Rank? (pg/ L)
9 >9, 600
8 >2, 880

SALTWATER SPECI ES

Sea urchin,
Arbaci a punctul ata

Annel id worm
Neant hes
ar enaceodent at a

Sheepshead mi

1.586

enonet es pugi o

2.57 -
Acartia tonsa

2  Ranked from nos
> From Table 1.

c

esistant to nbst sensitive based on Genus Mean Acute Val ues.



Table 3. (continued)

Fresh Water
Fi nal Acute Value = 0.1925 ug/L
Criterion Maxi mum Concentration = (0.1925 pg/L)/2 =
Fi nal Acute-Chronic Ratio = 2.0 (see text)

Final Chronic Value = (0.1925 pg/L)/2.0 = 0.0963 pug/L

Salt Water
Fi nal Acute Value = 1.637 pg/L
Criterion Maxi mum Concentration =
Fi nal Acute-Chronic Ratio =

Fi nal Chronic Val ue



Table 4. Toxicity of Diazinon to Aquatic Plants

Har dness Dur ati on
Speci es (nmg/ L _as CaCQ,) (days) Ef f ect erence

FRESHWATER SPECI ES

Green al gae, - 7 EC50
Sel enast rum capri cor nut um (cell n




Tabl e 5. Bioaccumul ati on of Di azi non by Aquatic O ganisns

Concentration

in Vater Dur ati on Per cent BCF or Nor mal i zed
Speci es (po/Lye (days) Ti ssue Li pi ds BAFP BCE or Ref er ence
BAF®
FRESHWATER SPECI ES
Rai nbow trout (16 15 14 Whol e body - 62 - Seguchi and Asaka
g), 1981
Oncor hynchus
nmyki ss
Carp (8 9), 15 14 Wol e body - 120 - Seguchi and Asaka
Cyprinus carpio 1981
Guppy, 350 14 Whol e body - 188 - Kei zer et al. 1993
Poecilia
reticulata
SALTWATER SPECI ES
Sheepshead m nnow, 1.8 108 Whol e body - 147 - Goodman et al.
Cyprinodon (less 1979
vari egat us br ai n)
Sheepshead m nnow, 3.5 108 Whol e body 147 - Goodman et al.
Cypri nodon (less 1979
vari egat us br ai n)
Sheepshead m nnow, 6.5 108 Whol e body 213 - Goodman et al.
Cyprinodon (less 1979
vari egat us br ai n)

Measured concentrati on of diazinon.

Bi oconcentration factors (BCFs) and bi oaccunul ati on factors (BAFs) are based on neasured concentrati ons of di azinon in water
and_i-n-tissue.
When possible, the factors were nornmalized to 1% 1lipids by dividing the BCFs and BAFs by the percent |ipids.



Speci es

Sewage m crobes

Actinonmycete bacteria

G een al ga,

Chlorella ellipsoidea

Green al ga,
Chl anydonpbnas sp.

G een al ga,

Scenedesnus quadri cauda

M xture of green alga

and di at ons

Eugl enoi d,
Eugl ena el astica

Duckweed,
Wl ffia papulifera

Duckweed,
Wl ffia papulifera

Pr ot ozan,
Parameci um caudat um

Tabl e 6.

Har dness
(mg/ L as
Cheni cal ? CaCO,) Duration Ef f ect
FRESHWATER SPECI ES
Regent - 22 hr No reduction of
oxygen
consunpti on
Techni cal - 20-days Sti nul at ed
grow h
- - 72 hr Decreased ATP
cont ent
- - 72 hr Decr eased ATP
cont ent
- - 10 days No decrease in
cell nunber,
bi omass, or
phot osynt hesi s
(199. 9% - 14 days Decreased growth
- - 72 hr Decreased ATP
cont ent
(97% - 11 days Let hal
(97% - 11 days Ter at ogeni c
effects
- - 1 hr LC50

O her Data on Effects of Diazinon on Aquatic Organisns

Concentratio
n

(pa/L)

40, 000

40, 000

100, 000

100, 000

1, 000

<10

100, 000

100, 000

10, 000

-3,000

Ref er ence

Bauer et al. 1981

Set hunat han and
MacRae 1969

Cl egg and Koevenig
1974

Cl egg and Koevenig
1974

St adnyk and Canpbel |
1971

Butler et al. 1975a

Cl egg and Koevenig
1974

Worthl ey and Schott
1971

Worthl ey and Schott
1971

Evtugyn et al. 1997



Table 6. (continued)

Speci es

Roti fer
Brachi onus cal yci fl orus

Rotifer (16-18 hr),
Brachi onus cal yci fl orus

Rotifer (<2 hr),
Brachi onus cal yci fl orus

Rotifer (<2 hr),
Brachi onus cal yci fl orus

Rotifer (<2 hr),
Brachi onus cal yci fl orus

Rotifer (<2 hr),
Brachi onus cal ycif | orus

Rotifer (<2 hr),
Brachi onus cal yci fl orus

Rotifer (<2 hr),
Brachi onus cal yci fl orus

a'i gochaete worm
Lunbri cul us vari egat us

Tubi ficid worm
Branchi ura sower by

Snai | ,
(Physa acut a)

Har dness
(mg/ L as
Chemi cal ® CaCO,) Dur ati on
Techni cal 80- 100 24 hr
(92%
Techni cal 80- 100 5 hr
(92%
Techni cal 80- 100 10 days
(92%
Techni cal 80- 100 4. 04 days
(99%
Techni cal 80- 100 4.66 days
(99%
Techni cal 80- 100 2.49 days
(99%
- 80-100 48 hr
- 80- 100 48 hr
- - 4 hr
- - 96 hr
- - 48 hr

Ef f ect

LC50

Reduced (50%
filtration and

i ngestion ratios

Decr eased
reproduction

LT50

LT50

LT50

NCEC
Reproducti on
NCEC | ngesti on
Let hal

LC50

LC50

Concentratio

n

(pg/ L)

29, 220

14, 000

<5, 000

5, 000

7,000

14,000

8, 000

20, 000

20, 000

2,220

4, 800

Ref er ence

Fer nandez-
Casal derrey et al
1992a

Fer nandez-
Casal derrey et al
1992b

Fer nandez-
Casal derrey et al
1992c

Fer nandez- Casal derry
et al. 1992d

Fer nandez-
Casal derrey et al
1992d

Fer nandez- Casal derry
et al. 1992d

Snel | and Moffat
1992

Juchel ka and Snel
1994

Rogge and Drewes
1993

Chatterjee and Konar
1984

Hashi not o and
Ni shiuchi 1981



Table 6. (continued)

Har dness
(mg/ L as Concentratio
Speci es Chemi cal ® CaCO,) Dur ati on Ef f ect n Ref erence
(ual/ L)

Cl adoceran (<6 hr), Techni cal 40 7 days No_effect on 0. 220 Nor ber g- Ki ng 1987
Cer i odaphni a dubi a (85% survival or

reproducti on
Cl adoceran (<6 hr), Techni cal 40 7 days Let hal 0. 520 Nor ber g- Ki ng 1987
Ceri odaphni a dubi a (85%
Cl adocer an - 202 50_hr EC50 4.3 Ander son 1959
Daphni a magna
Cl adoceran (adult), - - 24 hr Adhesi on_of 1 Stratton and Corke
Daphni a nagna al gal particles 1981

on 2nd ant ennae

and

I mrobi |i zation
Cl adoceran (<24 hr), Anal ytical 200 21 days Reduced 0.3 Dortland 1980
Daphni a _magna (95% reproduction and

nmobi lity
Cl adoceran (<24 hr), Anal yti cal 200 21 days No reduction in 0.2 Dortl and 1980
Daphni a magna (199% reproduction or

mobility
Cl adoceran (<24 hr), Anal yti cal 200 21 days EC50 0.22 Dortland 1980
Daphni‘a magna (99% (i mobi |i zation)
Cl adoceran (<24 hr), Anal yti cal 200 21 days EC50 0.24 Dortland 1980
Daphni a magna (99% (i mobilization)
Cl adoceran (<24 hr), Anal yti cal 200 21 days EC50 0.7 Dortland 1980
Daphni a nagna (99% (i mobi |i zation)
Cl adoceran (<24 _hr), Anal yti cal 200 21 days EC50 0.8 Dortland 1980

Daphni a nagna (99% (i mobi lization)



Table 6. (continued)

Speci es

Cl adoceran (<24 hr),
Daphni a magna

Cl adoceran (<24 hr),
Daphni a magna

Cl adoceran (adult),
Daphni a magna

Cl adocer an,

Daphni a magna

Cl adocer an,
Daphni a magna

Cl adoceran (<24 hr),
Daphni a nagna

Cl.adoceran (<24 hr),
Daphni'a magna

Cl adoceran (<24 hr),
Daphni a-magna

Cl adocer an,
Daphni a magna

Cl adocer an,
(Daphni a pul ex)

Cl adocer an,
(Daphni a pul ex)

Har dness
(mg/ L as
Cheni cal ? CaCo,) Dur ati on
I nsecti ci dal - 48 hr
soap
I nsecti ci dal - 96 hr
soap
Techni cal - 3 hr
Techni cal - 3 hr
Techni cal - 5 hr
(929
Techni cal 250 21 days
(929
Techni cal 250 21 days
(929
Techni cal 250 21 days
(92%
Opt i mum 160- 180 30 mn
- - 3 hr
- - 3 hr

Ef f ect

LC50

LC50

LC50

LC50

Reduced (50%
filtration rate

NOEC surviva

LCEC surviva

LOEC
reproduction

I C50

LC50

LC50

Concentratio
n

(pg/ L)

0.74

7.8

80

0. 47

0.15

0. 45

80

7.8

Ref er ence

M tchel I 1985

Mtchell 1985

Ni shi uchi and
Hashi not o 1967

Hashi not o and
Ni shiuchi 1981

Fer nandez-
Casal derrey et
1994

Fer nandez-
Casal derrey et
1995

Fer nandez-
Casal derrey et
1995

Fer nandez-
Casal derrey et
1995

al

al

al

Fort et al. 1996

Hashi not o and
Ni shiuchi 1981

Ni shi uchi and
Hashi not o 1967



Table 6. (continued)

Har dness

(mg/ L as Concentratio
Speci es Chemi cal ® CaCO,) Dur ati on Ef f ect n Ref erence

(ual/ L)

Cl adoceran (adult), Techni cal - 3 hr LC50 26 Ni shi uchi and
Mbi na nmacrocopa Hashi mot o 1967
Cl adocer an, Techni cal - 3 hr LC50 50 Hashi not o and
Mbi na macr ocopa Ni shiuchi 1981
Copepod, - - 96 hr LC50 2,600 Chatterjee and Konar
Cyclops vividis 1984
Anphi pod (adult), Techni cal 160- 180 48 hr LC50 19 Werner and Nagel
Hyal el | a azteca (measur ed) 1997
Anphi pod (0-2 days), Techni cal 40 96 hr LC50 6.2 Col lyard et al. 1994
Hyal el | a azteca
Anphi pod (2-4 days), Techni cal 40 96 hr LC50 4.2 Collyard et al. 1994
Hyal el | a azteca
Anphi pod.«( 6- 8 days), Techni cal 40 96 hr LC50 4.3 Col lyard et al. 1994
Hyal elda azteca
Anphi pod (8-10 days), Techni cal 40 96 hr LC50 4.4 Collyard et al. 1994
Hyal el I'a azteca
Anphi pod (12-14 days), Techni cal 40 96 hr LC50 3.8 Col lyard et al. 1994
Hyal el | a azteca
Anphi'pod (16-18 days), Techni cal 40 96 hr LC50 4.4 Col lyard et al. 1994
Hyal el | a azteca
Anphi pod (20-22 days), Techni cal 40 96 hr LC50 4.6 Col lyard et al. 1994
Hyal el | a azteca
Anphi pod (24-26 days), Techni cal 40 96 hr LC50 4.6 Col lyard et al. 1994
Hyal el | a azteca
Anphi pod (2 no.), - - 96 hr LC50 200 Sanders 1969

Gammar us | acustris



Table 6. (continued)

Har dness

(mg/ L as Concentratio
Speci es Chemi cal ® CaCO,) Dur ati on Ef f ect n Ref erence

(ual/ L)

Crayfi sh, - - 7 days BCF = 4.9 10 Kanazawa 1978
Procanbar us cl ar ki
Stonefly (nynph), - - 48 hr EC50 74 Cope 1965a
Pt eronar cys
cal i fornicus
Caddi sfly (larva), - - 6 hr LC50 2,500 Fredeen 1972
Hydr opsyche norosa
Caddi sfly (larva), - - 6 hr LC50 500 Fredeen 1972
Hydr opsyche norosa
Caddi sfly (larva), - - 6 hr LC50 >500 Freeden 1972
Hydr opsyche recurvata
Caddi sfly (larva), - - 6 hr LC50 >500 Freeden 1972
Hydr opsyche recurvata
Mosquito (4th instar), Techni cal - 24 hr LC50 350 Kl assen et al. 1965
Aedes aegypti
Mosqui to (3rd-4th Techni cal - 24 hr LC50 61 Chen et al. 1971
instar),
Cul ex pipiens- fatigans
Mosquito (3rd-4th Techni cal - 24 hr LC50 80 Chen et al. 1971
instar),
Cul ex pipiens fatigans
Mosquito (4th instar), Techni cal - 24 hr LC50 3.5 Yasuno and
Cul ex pipiens fatigans Ker dpi bul e 1967
Mosquito (4th instar), Techni cal - 24 hr LC50 5.7 Yasuno and

Cul.ex pipi ens fatigans Ker dpi bul e 1967



Table 6

Speci es

Mosquito (4th
Cul ex pi pi ens
Mosquito (4th
Cul ex pi pi ens
Mosquito (4th
Cul ex pi pi ens
Mosquito (4th
Cul ex pi pi ens
Mosquito (4th
Cul ex pi pi ens
Mosquito (4th
Cul ex pi pi ens
Mosqui t o.«(4th
Cul ex.pi pi ens
Mosquito (4th
Cul ex pipiens

(conti nued)

instar),
fatigans

instar),
fatigans

instar),
fatigans

instar),
fatigans

instar),
fatigans

instar),
fatigans

instar),
fatigans

i nstar),
fati gans

M dge (1st instar),
Chi rononus-ri pari us

M dge (4th instar),
Chi rononus ri parius

Sal noni dae

Brown Trout (3.22°9),
Sal ma- trutta | acustris

Har dness
(mg/ L as
Cheni cal ? CaCo,) Dur ati on
Techni cal - 24 hr
Techni cal - 24 hr
Techni cal - 24 hr
Techni cal - 24 hr
Techni cal - 24 hr
Techni cal - 24 hr
Techni cal - 24 hr
Techni cal - 24 hr
Anal yti cal - 96 hr
(99. 7%
Anal yti.cal - 96 hr
(99. 7%
Emul si bl e - 96 hr
concentrate
(60%
- - 96 hr

Ef f ect

LC50

LC50

LC50

LC50

LC50

LC50

LC50

LC50

LC50 (fed)

LC50 (fed)

LC50

LC50

Concentratio

n

(pg/ L)

2.2

23

167

8, 000

602

Ref er ence

Yasuno and
Kerdpi bul e

Yasuno and
Ker dpi bul e

Yasuno and
Ker dpi bul e

Yasuno and
Ker dpi bul e

Yasuno and
Ker dpi bul e

Yasuno and
Ker dpi bul e

Yasuno and
Ker dpi bul e

Yasuno and
Ker dpi bul e

Stuijfzand
2000

Stuijfzand
2000

Ci ba- CGei gy

1967

1967

1967

1967

1967

1967

1967

1967

et al

et al

1976

Swedberg 1973



Table 6. (continued)

Har dness

(mg/ L as
Speci es Chemi cal @ CaCQ,) Dur ati on Ref er ence
Cutthroat trout (0.52 - - 96 hr

)
Oncor hynchus cl ar ki

Cutthroat trout (2.02 - -

9).
Oncor hynchus cl ar ki

Swedberg 1973

Rai nbow trout (fry), I nsecti ci dal -
Oncor hynchus nyki ss

20 Mtchell 1985

Rai nbow trout, 170 Cope 1965a
Oncor hynchus nyki ss
Rai nbow trout (16 g), 15 Seguchi and Asaka
Oncor hynchus nyki ss 1981
Rai nbow trout, 200 Bresch 1991
5,100 Ni shi uchi and

Hashi not o 1967,
Hashi not o and
Ni shiuchi 1981

10 Kanazawa 1978
carpio
- 72 hr LC50 2,000 Ni shi uchi and Asano
prinus carpio 1981



Table 6. (continued)

Speci es

Carp (6.0 cm,
Cyprinus carpio

Carp (8 9),
Cyprinus carpio

Carp (1.1-1.4 g),
Cyprinus carpio

Carp (24-35 g),
Cyprinus carpio

Fat head m nnow (Il arva),
Pi nrephal es pronel as

Fat head m nnow
(enbryo-larva),
Pi nrephal es pronel as

Fat head mi-nnow (| arva),
Pi mephal es pronel as

Fat head mi nnow (Il arva),
Pi nrephal es pronel as

Fat head m nnow (newy
hat ched | arvae),
Pi mephal es pronel as

Har dness
(mg/ L as
Cheni cal @ CaCoOy) Duration
Techni cal - 48 hr
Synt hesi zed - 14 days
- - 72 hr
Reagent - 7 days
(98%
Technical 44- 49 7 days
(88.2%
Techni cal 44- 49 12 days
(88.2%
Techni cal 44- 49 7 days
(88:2%
Techni cal 44- 49 7 days
(88.2%
Encapsul at ed 45. 8 96 hr

formul ation
(fresh stock)

Concentratio

Ef f ect n
(ual/ L)

LC50 3, 200

BCF = 120 18

LC50 1,420

BCF = 20.9 2.4

No reduction in 277

growth or

survi val

No reduction in 285

growth or

survi val

Reduction in dry 347

wei ght

Reduction in dry 277

wei ght

LC50 6, 100

Ref er ence

Ni shi uchi and

Hashi mot o 1967;
Hashi mot o and

Ni shiuchi 1981;

Ni shiuchi and Asano
1981

Seguchi and Asaka
1981
Dutt and Guha 1988

Tsuda et al. 1990

Nor ber g- Ki ng 1989

Nor ber g- Ki ng 1989

Nor ber g- Ki ng 1989

Nor ber g- Ki ng 1989

Jarvi nen and Tanner
1982



Table 6. (continued)

Speci es

Fat head m nnow (newy

hat ched | arvae)
Pi nrephal es pronel as

Fat head m nnow
(enbryo- I arva)
Pi nephal es pronel as

Fat head mi nnow
(enbryo- 1 arva)
Pi nrephal es pronel as

| de
Leuci suc i dus

Catfish
I ctalurus sp.

Fl agfish (I arva-
juvenile),
Jordanel | a flori dae

Fl agfi'sh (] uvenil e-
adul t) ,
Jordanel la floridae

Fl agfish (adult-
spawni ng) ,
Jordanel la floridae

Har dness
(mg/ L as
Cheni cal ? CaCo,) Dur ati on
Encapsul at ed 45.8 96 hr
formul ati on
(11 week-old
st ock)
Encapsul at ed 45.8 32 days
formul ati on
Encapsul at ed 45. 8 32 days
formul ati on
Emul si fi abl e - 96 hr
concentrate
(6099
Emul si fi abl e - 96 hr
concentrate
(609
- - 21- day

pul sed dose
+ recovery

21-day
pul sed dose
+ recovery

21- day
pul sed dose
+ recovery

Ef f ect

LC50

No effect on
wei ght

Si gni fi cant
reduction in
wei ght

LC50

LC50

Decreased egg
production

Decr eased
par ent al
surviva

Decr eased
survival of
parents and
| arvae

Concentratio
n

(pg/ L)

5,100

40

76

150

8, 000

290

250

1,170

Ref er ence

Jarvi nen and Tanner
1982

Jarvi nen and Tanner

1982

Jarvi nen and Tanner

1982

Ci ba- Gei gy 1976

Ci ba- Gei gy 1976

Allison 1977

Al lison 1977

Allison 1977



Table 6. (continued)

Speci es

Oiental weatherfish,
M squr nus
angui | | i caudat us

Oriental weatherfish

(2.6 9),
M sgur nus
angui | | i caudat us

Guppy (7 wk),
Poecilia reticulata

Guppy (7 wk),
Poecilia reticulata

Guppy (7 wk),
Poecilia reticulata

GQuppy,
Poecilia reticul ata

Guppy,
Poecilia reticul ata

Guppy (2-3 nony,
Poecilia reticulata

Guppy (2-3 non),
Poecilia reticulata

Guppy (2-3 non),
Poecilia reticul ata

Har dness
(mg/ L as
Cheni cal ? CaCo,) Dur ati on
Techni cal - 48 hr
Synt hesi zed - 14 days
Techni cal - 24 hr
Techni cal - 24 <hr
Techni cal - 30 mn
Emul si fi abl e - 96 hr
concentrate
(609
- - 7 days
Techni cal 100 3 days
(99%
- 75 24 hr
- 75 7 days

Ef f ect

LC50

BCF = 28

LC50

LC50

Loss of
equi librium

LC50

BCF = 17.5

Let hal body
bur den

Let hal body
bur den

(@4, 330 pg/l
exposure)

Let hal body
burden (@2, 420
Mg/ L exposure)

Concentratio
n

(pg/ L)

500

14

3,700

3, 800

7,000

3, 000

10

2,495

2.1 (unol/ Q)

1.8 (unol/g)

Ref er ence

Hashi not o and
Ni'shi uchi 1981

Seguchi and Asaka
1981

Chen et al. 1971

Chen et al. 1971

Chen et al. 1971

Ci ba- Gei gy 1976

Kanazawa 1978
Chayo- M t oko and

Deneer 1993
Deneer et al. 1999

Deneer et al. 1999



Table 6. (continued)

Speci es

Til api a

Tilapia sp

Mozanbi que tilapia (5-9
9.

Til api a nossanbi ca
Mbozanbi que til api a
(3.56 9),

Ti | api a nossamnbi ca

Mozanbi que tilapia (1.4

)
Til api a nossanbi ca

Bl uegi I I,
Lepom s nmcrochirus

Bl uegi 11,
Lepom s macrochirus

Experinmental stream
conmuni ty

Experi nent al stream
communi ty

Experi mental pond
communi ty

Har dness
(mg/ L as
Cheni cal ? CaCo,) Dur ati on
- - 48 hr
Techni cal - -
- - 96 _hr
- - 72 hr
- - 48 hr
Basudi n - 48 hr
(93%
Techni cal 170- 195 84 days
(92.5%
Techni cal 170- 195 112 days
(92.5%
Techni cal 70- 150 70 days
(88%

Ef f ect

LC50

LC100

LC50

LC50

EC50

LC50

I ncreased drift
rates for
Hyal el | a

Reduced Hyalell a
popul ati ons

NOEC f or
phyt opl ankt on
and peri phyton
chl orophyl I, and
macr ophyt e

bi omass

Concentratio
n

(pg/ L)

1,492

15, 850

2,280

2, 880

30

1,493

0.3

443

Ref er ence

Li and Chen 1981

Mustafa et al. 1982

Chatterjee and Konar
1984

Dutt and Guha 1988

Cope 1965a

Li and Chen 1981

Arthur et al. 1983

Arthur et al. 1983

G ddings et al. 1996



Table 6. (continued)

Speci es

Experi mental pond
conmuni ty

Experi mental pond
comuni ty

Experi mental pond
communi ty

Experi ment al

Har dness
(mg/ L as
Chemi cal @ CaCQ,) Dur ati on
Techni cal 70- 150 70 days
(88%
Techni cal 70- 150 9.2
(88%

Techni cal

educed bl uegil | 22
sunfish bi onass

Reduced bl uegi Il 54
sunfish survival

Ref er ence

G ddings et al.

G ddings et al.

G ddings et al.

Salinity Concentrati
(a/ kg) Dur ati on Ef f ect on_(ug/L) Ref er ence
SALTWATER SPECI ES
- 4 hr 6. 8% decrease in 1, 000 Butl er 1963

phot osynt hesi s

1996

1996

1996

1996



Table 6. (continued)

Speci es

Red al ga,
Chondrus crispus

Red al ga,
Chanpi a parvul a

Roti fer
Brachi onus plicatilis

Roti fer
Brachi onus plicatilis

Snai |,
Lacuna vincta

Snai | ,
Lacuna vincta

Eastern oyster
Crassostrea virginica

Eastern oyster
(5-10 cm hei ght),
Crassostrea virginica

Eastern oyster
(6-10 cm height),
Crassostrea virginica

Anphi pod (adult),
Anpel i sea aldita

Anphi pod,

Ganmmar us oceani cus

Salinity
Cheni cal @ (a/ ka) Duration

(12.5% - 24 hr
exposure 18
day hol di ng

(96% - 48 hr
exposure
(96% - 24 hr

St andar d - 24 hr

($95%

(12.5% - 3 hr
exposure, 48
hr hol di ng

(12. 5% - 3 hr
exposure, 48
hr hol di ng

- - 96 hr
Techni cal and - 96 hr
14C | abel ed
Techni cal and - 5 days

14C- | abel ed
Techni cal 25 48 hr
(12.5% - 3 hr

exposure

Ef f ect

No effect on
grow h

No ef fect. on
sexual
reproducti on
LC50

EC50

88% nortality

75% mortality

No decrease in

shell growth

LC50 shell growth
BFC = 56

LC50

100% nortality

Shackl ock & Croft 1981

Thursby & Tagl i abue

Thursby & Berry 1988

1997

Shackl ock & Croft 1981

Shackl ock & Croft 1981

Butler 1963; Mayer

1997

Concent r at
on_(ug/L) Ref er ence
10, 000
1, 000
1988
55, 100
28, 000 Quzzella et al
1, 000
10, 000
1, 000
1987
1,115 WIlians 1989
100 WIllians 1989
10 Werner & Nage
1, 000

Shackl ock & Croft 1981



Tabl e 6.

(conti nued)

Speci es

Anphi pod (adult),
Rhepoxyni us abroni us

| sopod,
| dotea baltica

Brown shrinp,
Penaeus aztecus

Brown shrinp,
Penaeus aztecus

Grass shrinp,
Pal aenbnet es pugi o

VWiite nullet,
Mugi | curema

Striped nullet,
Mugi | cephal us

Sheepshead . m nnow,
Cypri'nodon var.i egat us

Salinity
Cheni cal ? (a/ kq) Dur ati on
Techni cal 31 24 hr
(12.5% - 3 hr
exposur e
- - 24 hr
Techni cal - 48 hr
95. 1% pure
Techni cal - 48 hr
95. 1% pure
- - 24 & 48 hr
Techni cal - 48 hr
95. 1% pur e
92. 6% pure - 108 days

Ef f ect

LC50

100% nortality

EC50

EC50

EC50

LC50

LC50

Decrease in
acetyl chol i nester
ase activity

Concentrati
on_(ug/L) Ref er ence
9.2 \\er ner & Nagel 1997
1, 000 Shacklock & Croft 1981
44 Butler 1963
28 Mayer 1987
28 Mayer 1987
250 Butler 1963
150 Mayer 1987
0. 47 Goodnman et al. 1979;

Mayer 1987

a

Percent purity is listed in parentheses when avail abl e.
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